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PROCEEDINGS 


OF THE 


YORKSHIRE GEOLOGICAL SOCIETY. 


Epirep sy W. LOWER CARTER, M.A., F.G.S. 


1914. 


SOME REMARKS ON GEOLOGY IN RELATION TO THE EXACT SCIENCES, 
WITH AN EXCURSUS ON GEOLOGICAL TIME. 


BY ALFRED HARKER, M.A,. F.R.S., F.G.S., 
PRESIDENT OF THE YORKSHIRE GEOLOGICAL SOCIETY. 


(ADDRESS DELIVERED 21st NovEMBER, 1912). 


Although the constitution of this Society enjoins us to confine 
our serious labours to a definite geographical field, it may still, I 
hope, be permissible upon occasion to vary the programme by dis- 
cussing some: general geological question or some particular aspect 
of the science. Assuming this liberty, I propose to offer a few remarks 
on the subject of geology in its relation to the exact sciences. 


I take it as undisputed that, in the rough classification which 
serves the purpose of his catalogues, the book-seller is justified in 
ranking geology with the “ descriptive,’ not with the “exact” 
sciences. We are nevertheless free to inquire to what extent the 
quantitative element may legitimately enter to strengthen geological 
methods and add precision to the results. Connected with this 
question is another, perhaps more elusive but certainly more funda- 
mental : to what extent, and with what precautions, can the geologist 
admit deductive reasoning into his discussions ? 
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My meaning will perhaps be clearer if I expand this latter question 
a little. The geometrician, once satisfied of the validity of a few 
simple axioms, can build up one theorem upon another by purely 
deductive reasoning, without any further appeal to experience. This. 
is the extreme case ; but among the sciences dealing with the material 
world there are some in which mathematical precision and deductive 
reasoning find an important place. The mineralogical chemist, for 
example, has the law of molecular proportions, and (within limits) 
will reduce his analysis of a mineral to conform with this law; in 
other words, he can use theory to correct observation. The law of 
rational indices affords lke guidance to the crystallographer, and 
many other instances might be cited. There is, I think, no department 
of geology proper in which such a degree of certainty and exactitude 
has yet been attained. What the future may have in store I will not 
venture to predict ; but, so far as the immediate prospect is concerned, 
it seems that the only safe course for the geologist is that which makes 
continual appeal to observation, wherever such control is possible. 


By many this will be regarded as a mere common-place, but it 
would be easy to give reasons for insisting on it. Five years ago a 
distinguished physicist undertook to combat what he termed “a 
curious obsession as to a matter of fact’ on the part of geologists. 
While the text-books continue to repeat that the flow of a river is 
most rapid on the outer side of a bend, the fact is, he said, that it is 
most rapid on the inner side. This pronouncement, which can be 
confuted by any boy who has ever gone boating, was not made on the 
strength of any observations, but as the result of caleulation applied 
to some ideal case. That was how the river ought to flow. It is true, 
there was also a reference to the behaviour of a wooden model, a 
subject to which I will return later. It is not my purpose to discuss 
the phenomena of the flow of rivers, and indeed the matter is less 
simple than appears at a glance ; but I have cited the incident for its 
bearing on the relations between geology and the exact sciences. On 
one point doubtless all geologists will agree; that, when there is a 
conflict between deduction and observation, we must prefer the 
evidence of our eyes to the most cogent demonstration. Some will 
perhaps go farther, and, while welcoming help from any quarter, will 
hint that, in relation to such a study as physical geology, mathematics 
is a good servant but a bad master. 


The truth is that such a problem as this is, from the point of view 
of analytical treatment, one of extreme complexity. It often involves 


HARKER: PRESIDENTIAL ADDRESS 3 


a large number of factors. Some of these are taken into account, but 
others are left out, or are simplified in an arbitrary manner ; and this 
is done with reference, not to the relative importance of these various 
factors, but to the exigencies of mathematical treatment. Indeed it 
is no reproach to the mathematician or the physicist to say that he 
is not always a good judge of what is essential in the statement of a 
complicated geological problem. This is a necessary consequence 
of that division of labour in the field of science which we call special- 
isation. We may recognize it with the less scruple, inasmuch as the 
same kind of criticism is applicable, mutatis mutandis, to ourselves ; 
for there is no doubt that geological speculation is often vitiated by 
disregard of mathematical considerations, and those of no very 
recondite order. 


It is often said that figures can be made to prove anything ; and 
certain it is that a series of arithmetical operations does sometimes 
serve as introduction to very strange. conclusions. The fault, of 
course, is not in the tool, but in the hand that uses it. In the larger 
issues of geology especially, where the gulf to be bridged between 
data and conclusions is so often a wide one, ingenuity of reasoning 
ought surely to be accompanied by a due sense of responsibility in the 
handling of figures. Calculation, in such applications, is by no means 
so simple an art as it may appear. In wrestling with problems of the 
kind indicated, and, I must add, in reading some very fascinating 
speculations by geologists of high standing, I have often wished 
that some obliging mathematician would put forth a small manual of 
applied arithmetic for the guidance of workers in the descriptive 
sciences. There are absolutely necessary precautions to be observed 
~when calculation is based upon data always partial and at best roughly 
approximate, and these precautions are too often neglected. To be 
safe, we must have some conception of the probable error attaching 
to our observations, and we must note how the initial errors may be 
multiplied in the process of calculation. Especially there is the 
cumulation of error which must ensue when results obtained in this 
fashion are used as links in a chain of deduction. Here it is quite 
inadequate to say that the chain is no stronger than its weakest link ; 
it is of necessity far weaker than its weakest link. 


Without entering into these matters, some of which, as I have 
suggested, call for expert aid, I will take for illustration a single point, 
the frequent abuse of the average. Say that we wish to determine 
the amount of mud annually carried down by the Nile. Since there 
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are variations, both seasonal and casual, we must take a sufficient 
number of observations, properly distributed in time, and an average, 
duly weighted, will then give us as good a result as the nature of the 
case admits. But now suppose that we wish to know the amount of 
sediment carried by all the rivers of the world. We have data for 
nine rivers, data which are likely to differ much in respect of probable 
error. Accepting them, however, as they stand, it appears that the 
water of the Rio Grande carries one part in 291 of sediment, that of 
the Uruguay River only one in 10,000, the other seven rivers giving 
intermediate values. The highest figure is thus 34 times as great as 
the lowest. Some geologists will simply take a mean of the nine 
figures and proceed contentedly to use this result in the most far- 
reaching conclusions. I do not believe that a mean of nine figures so 
discordant can afford any information of quantitative value. The 
average must be extended over a much wider area, before a result is 
obtained of which we can legitimately make use. 


Where dynamical principles enter into the problem, the pitfalls 
which await the unwary are sometimes less evident. I will take as an 
illustration the case of models, such as have been constructed to 
elucidate the mechanism of folding and faulting. In no case, so far as 
I am aware, have geologists had regard to the conditions which are 
necessary in order that a model may correctly represent the working 
of the original. The various forces concerned must bear their proper 
ratios. Since the weight (for a given material) 1s reduced propor- 
tionally to the cube of the linear dimensions, the other forces must 
be reduced in the same ratio, and it is in fact impossible to make this 
adjustment as regards the internal forces which resist deformation 
and fracture. Moreover, the velocities of the moving parts should 
be reduced in proportion to the square root of the linear dimensions ; 
and this makes it hopeless to think of imitating the slow processes 
of mountain-building. Models of this kind may afford useful geo- 
metrical illustrations, but can throw no light on dynamical problems. 
The same remark applies to models of glaciers, but here there is no 
need to go to artificial models to illustrate my point. Some geologists 
still argue from the behaviour of an Alpine valley-glacier to that of a 
continental ice-sheet, without perceiving how completely the different 
scale of magnitude must modify the mechanical conditions. 


Experiment has undoubtedly afforded valuable help in the study 
of particular questions in the domain of physical geology, and this is to 
be recognized with gratitude. As regards the larger and more complex 
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problems, however, imitative experiment labours under the same 
disadvantage as mathematical analysis. Any concrete problem can 
be treated only in an arbitrarily simplified form, and among the 
conditions which cannot be realised in the laboratory may be some 
which in nature are of vital importance. Especially will this be the 
case where the time element enters. 


There is, however, another department of experimental geology 
in which we are justified in expecting results of very high value. I 
allude to the study of the conditions of formation and stability of 
different minerals, with the object of elucidating the mode of origin 
of igneous and other rocks. The artificial reproduction of many of the 
rock-forming minerals has engaged the attention of chemists, especially 
in France, during the last hundred years. Fouqueée and Michel-Lévy 
succeeded even in imitating some of the simpler types of igneous rocks. 
These researches have furnished the petrologist with useful informa- 
tion, but it is information mostly of a very general kind. The laborious 
investigations now being carried out, more particularly in the Geo- 
physical Laboratory of the Carnegie Institution at Washington, are 
of a different order, systematic and precise to the highest degree 
attainable. Their chief object is to apply to the cystallization of 
igneous rock-magmas the methods which have proved so fruitful in 
other branches of physical chemistry. This necessitates working 
over a far wider range of temperatures than is usual in laboratory 
operations, and must sometimes include high-pressure work also. It 
involves too, other practical difficulties, arising especially from the 
slowness with which equilibrium is established in many of the trans- 
formations investigated. Owing perhaps to these obstacles, and 
partly, it may be, to the scarcity of enlightened millionaires—for 
expense is here a weighty consideration—research on these lines has 
not yet been widely taken up. Meanwhile it is scarcely too much to 
say that Dr. Day and his colleagues at Washington are already laying 
the foundations of an exact science of Petrogenesis. 


Concerning another American development of recent years, the 
quantitative classification of igneous rocks, I am constrained to speak 
in terms much less laudatory. We must all wish to see more of 
quantitative precision in this and other branches of geological science ; 
but it must be a precision depending on principles to be educed from 
the subject-matter itself, not arbitrarily imposed from outside. With 
increasing knowledge, from the experimental side as well as the 
descriptive, it may some day become possible to construct a logical 
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classification of igneous rocks, in which the numerical element will 
enter in the form of eutectic ratios or in some other way prescribed by 
Nature herself: but that is at present only an aspiration. Very 
different is the plan to which I have referred. Starting from a list 
of standard minerals, itself arbitrary and artificial, the authors have 
built up a classification depending on the relative proportions in 
which these minerals enter, or are assumed to enter, into the com- 
position of the rocks. The dividing lines are not based upon the study 
and comparison of actual rocks, but merely on arithmetical symmetry, 
the system being, to all appearance, invented a priorz. We are re- 
minded of Macaulay’s trenchant criticism of James Mill’s Essay : 
‘an elaborate treatise on Government, from which, but for two or 
three passing allusions, it would not appear that the author was aware 
that any governments actually existed among men.” We find ourselves 
again among the pre-Baconian philosophers. 


I have selected for notice these two Trans-Atlantic attempts to 
introduce quantitative considerations into Petrology, because they are 
instructive as exemplifying, in my opinion at least, how to do it and 
how not to do it. It would probably exhaust your patience, were I 
to prolong these rather rambling remarks by citing numerous other 
illustrations of the same general purport. I will therefore devote the 
rest of the time at my disposal to the consideration of a single problem, 
that of Geological Chronology. 


Of all geological questions involving the numerical element, none 
has been more frequently canvassed than this, and none has excited 
more general interest. Since, moreover, it introduces several points 
germane to my subject, a brief glance at its history and present state 
will not be wasted. I suppose it has happened to most of us, when 
relating how in past times the mammoth roamed the plains of Holder- 
ness, or how coral-reefs once flourished where the Craven hills now 
stand, to be met by the inquiry : How long ago was that? The answer 
was perhaps to the effect that geology does not deal with the ordinary 
measures of time, but has its own system of chronology, not trans- 
latable into years and centuries. I must confess, however, to a sense of 
inadequacy in such a reply, and some sympathy with the lay-inquirer 
who is thus silenced but not satisfied. It seems a matter of reasonable 
regret that a science which deals with the history of past events should 
have no definite time-scale, by which those events could be ranged in 
a correct perspective. 


No such reflection, it is safe to say, disturbed the minds of the 
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early Uniformitarians, the founders of modern geology. Their 
reaction against the older catastrophic school led them constantly to 
lay great stress on the extreme slowness of geological processes, and 
they thus came to assume unlimited time for the past changes to which 
the stratified rocks bear witness. To Hutton there was “no vestige 
of a beginning, no prospect of an end”: in other words he regarded 
geological time as infinite, and could no more contemplate reckoning 
it in centuries than numbering the sands on the shore. Later this 
position was reinforced from another quarter, as Darwin’s doctrines 
gained acceptance ; for these were held to push back to an immeasur- 
ably remote epoch the beginning of life on the globe. Geologists 
and biologists alike saw no reason for limiting their prodigal drafts 
on the bank of time. 


From this comfortable attitude they were startled, as by a bomb- 
shell, just fifty years ago, when William Thomson, afterwards Lord 
Kelvin, published the first of his contributions from the mathematical 
side to this and cognate subjects. He pointed out that, apart from 
any changes on the surface of the globe, our planet as a whole must 
be undergoing a change of a secular, and so irrevocable, kind ; viz., a 
continual loss of energy in the form of heat, as proved by the observed 
temperature-gradient. Since the store of energy cannot be inex- 
haustible, we must deduce both a beginning and an end of the existing 
geological régime ; and Thomson endeavoured to set a limit to its past 
duration from a discussion of the rate of cooling of the globe. A 
parallel line of argument was based on the cooling of the sun. 


Now as regards the validity of the general criticism there can be, 
of course, no doubt. Huxley’s halting defence of what was then the 
orthodox position was easily broken down, and a wholesome check 
was given to the extravagance of the geologists. When we turn, 
however, from the destructive to the constructive part of Kelvin’s 
argument, the case is different. The time to be allowed for the 
geological record was stated at first with considerable latitude, but was 
subsequently narrowed down, until, in 1899, Lord Kelvin concurred 
in Clarence King’s conclusion that the globe was a molten mass about 
24 million years ago. It is rather remarkable that so many geologists 
were found willing to submit to this narrow limitation. Doubtless 
they were impressed by the prestige of Lord Kelvin’s authority, and 
perhaps some of them were influenced by a vague feeling that a result 
arrived at by strict mathematical reasoning is thereby entitled to 
credence. But, as has been so often pointed out, and so often for- 
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gotten, what you get out of the mathematical mill depends upon what 
you put into it. The reasoning may be unimpeachable, but it merely 
proves that, if certain assumptions be granted, certain consequences 
will follow. It may be that Lord Kelvin himself, in the enthusiasm of 
enforcing his conclusions, did not always recall the foundations on 
which they rested, and it is to be suspected that many geologists 
read no more than the conclusions. 


Kelvin’s argument was based necessarily upon a number of 
assumptions. At the present time, in the light of fuller knowledge, 
it is sufficient to note one, which in 1862 seemed little open to question. 
Kelvin recognized that, while the earth is certainly losing heat, “ it is 
possible that no cooling may result from this loss of heat, but only an 
exhaustion of potential energy, which in this case could scarcely be 
other than chemical affinity between substances forming part of the 
earth's mass.” This, however, he dismissed as “extremely im- 
probable,” and proceeded on the assumption that heat is the only 
form of energy to be reckoned with. Since the discovery of radium 
we have learnt that the earth possesses a vast store of potential energy 
in a highly concentrated form then unsuspected. Strutt has cal- 
culated, from data of a very simple kind, that the observed tem- 
perature-gradient can be wholly accounted for by radio-activity, if 
the rocks to a depth of 45 miles contain as much radium as those 
at the surface. In other words, the heat generated by radio-active 
changes within this relatively thin crust will, on that supposition, be 
sufficent to compensate that lost at the surface. Clearly, therefore, 
the actual rate of cooling of the globe—if indeed it is cooling—must 
be far less than that adopted in Kelvin’s calculation, and his estimate 
of the age of the earth must be enormously increased. 


This is not all. <A study of the various radio-active elements 
contained in minerals and rocks has shown that it is possible, in 
certain favourable cases, to calculate directly their age in years. 
Some estimates of this kind have been made, and the results are 
liberal enough to satisfy the most exacting claims of what may be 
called the reformed Uniformitarian creed. 


With this turning of the tables one might suppose that the old 
controversy would come to an end. But the reversal of the situation 
is in fact more complete ; for meanwhile there has arisen a formidablé 
minority of geologists who contend, on geological grounds, for estimates 
of time no more elastic than Lord Kelvin’s. The question is still, in 
great part. one between geologists and physicists, but it is now the 
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geologists who offer us the stinted measure and the physicists the 
more liberal one. 


It is not my purpose to discuss in detail the various geological! 
arguments which have been advanced for limiting the age of the earth 
to a span of 80 or 100 millions of years. The method of procedure is 
broadly the same in all. A computation is made of the rate at which 
some fundamental geological process is going on ; it may be the lowering 
of the land-surface by erosion, or its destruction by solution, or the 
deposition of sediment, or the addition of salt to the sea. Some 
estimate is then made of the total result of the’ process throughout 
geological time. Having the annual rate of increment and the total 
amount, simple division gives the measure of the time in vears. The 
observational data employed in these calculations are of a very pre- 
carious kind, and it would not be difficult to point out instances of 
that levity in the handling of figures to which I have adverted. But 
the fundamental weakness of all such reasoning lies in the assumption 
that the present rate of any of these geological processes can be adopted 
as equivalent to its average rate throughout the whole time. 


The existing configuration of the globe, and all the physical 
conditions that go with it, have been attained in consequence of a 
prolonged evolution. If we believe that, as the net result of all its 
vicissitudes, the land-area has on the whole been growing in extent, 
in complexity of distribution, in boldness of relief, we must believe 
also that differences of temperature, of humidity, of climate generally. 
between different parts of the globe have become progressively more 
accentuated, and that all geological activities have been quickened 
as the world has grown older. While there is difference of opinion 
concerning these secular changes, there can be no doubt as regards 
the great cyclical changes which have been repeated several times in 
the history of the earth : the cycle beginning in each case with an epoch 
of important crust-movements and including the train of. consequences 
which follow upon this new step in the evolution of the earth. Such 
a cycle was initiated at an epoch not long remote by geological reckon- 
ing, and we are living in consequence in a time of more than ordinary 
geological activity, with the continental masses rising higher than 
their average level, and with large tracts of newly deposited strata 
exposed to the attack of destructive agents. 


For these reasons I am of opinion that the present rate of erosion, 
and of its correlative sedimentation, is much higher than the average 
rate, and that any calculation based upon it must greatly under- 
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estimate the duration of geological time. I do not ask you necessarily 
to concur in this conclusion, but at least to suspend judgment in the 
matter ; for it will assuredly be a misfortune if geology, so lately freed 
from one bondage, should fall straightway into another no less galling. 
This at least is certain, that every one of the various geological pro- 
cesses which have been discussed in this connection, is controlled by 
conditions which cause its rate to be very variable. It is a clock 
which now hurries and now creeps, or stands still, and it can never be 
trusted as a time-keeper. Even for the most recent chapter of geo- 
logical history we can make no approach to certainty on these lines. 
Attempts have been made, for example, to estimate the time since the 
final retreat of the ice in North America from the rate of recession of 
the falls of Niagara ; but the evidence shows that this rate has varied 
widely even during the last half-century, and Gilbert, after a careful 
study of all the data, refrains from offering any opinion on this point. 


Must we then abandon all hope of any practicable measure of 
time in geology ? I do not draw this conclusion, but rather that we 
must search outside strictly geological phenomena for some physical 
process of which the rate is not affected by any disturbing conditions. 
There are, I think, only two classes of changes for which so much can 
be claimed—the transformations of the radio-active group of elements 
and the astronomical movements. It seems not improbable that in one 
or other of these two directions the solution of the problem may eventu- 
ally be found. 


The chemists have taught us that radium is derived from the 
spontaneous breaking up of uranium, the change taking place ap- 
parently in two stages and involving the liberation of three atoms 
of helium. But radium itself disintegrates spontaneously, giving the 
radium-emanation named niton and liberating another atom of helium. 
Niton in its turn undergoes disintegration, and so on through a suc- 
cession of changes. The final product is lead, and in the gradual 
conversion of uranium to lead eight atoms of helium in all are set free. 
Of these various spontaneous changes some proceed with extreme 
slowness, others with comparative rapidity ; but in each case there is 
a constant rate which, so far as experiment has tested it, is inde- 
pendent of temperature or pressure. 


Professor Strutt has shown that this gradual liberation of helium 
can be made the basis of a method of estimating the absolute ages of 
minerals and rocks. For example, phosphates and some iron-ores are 
rich in radium, derived from uranium. They also contain helium, 
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and the ratio of helium to uranium is found to be higher in the older 
deposits. Estimates of age calculated from these data give high 
figures, e.g., the age of the hematite overlying the Carboniferous 
Limestone in Cumberland is given as 140 millions of years, and even 
that of the Eocene iron-ores of Antrim 30 millions. The results show 
some irregularities, and it is of course admitted that the method has its 
own difficulties. If, however, the chief source of error is, as appears 
probable, the loss of helium by leakage, the figures found will be under- 
estimates. Helium comes from the thorium series of derivatives 
as well as from the uranium series, and this is to be taken into account 
where thorium is found. Zircons from various igneous rocks have 
also been examined by Strutt, and found to give consistent results as 
regards the helium-ratio. Mr. Holmes has approached the question 
in a different way by considering the ratio of lead to uranium in various 
minerals rich in the latter element. The igneous rocks of the 
Christiania district, of Devonian age, are in this way calculated to be 
about 370 million years old. For the Archean rocks of different 
countries the estimates range from 1,000 to 1,600 millions of years. 
Holmes’ results are in general nearly twice as high as those of Strutt ; 
but, if we bear in mind the error due to the escape of helium, which 
is proved to take place, a discrepancy to this extent is no more than 
should be expected at this early stage of the inquiry. 


The other method which has been suggested for obtaining an 
absolute measure of geological time is of a more speculative kind, 
although the principle of it is sufficiently simple. It consists in 
detecting some clearly marked rhythm or cycle in the geological record, 
and correlating it with one of the known periodic movements of the 
earth. It was on these lines that Croll attempted to explain recurrent 
glacial epochs ; but more to our present purpose is the theory which 
Blytt has based upon a study of the alternations observed in a suc- 
cession of sedimentary strata. The most important astronomical 
cycle of long period is doubtless that which depends upon the pre- 
cessional movement, by which the relation of summer and winter to 
perihelion and aphelion is gradually changed. This involves a change 
in the relative lengths of summer and winter, and must undoubtedly 
exercise a marked effect upon climatic conditions, though there 1s 
much difference of opinion concerning the exact nature of this effect. 
Changes of climate may in their turn cause differences in the nature 
of the sediments deposited successively at a given place, differences 
which will repeat themselves in a cycle corresponding with that of the 
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precession. Probably the most noticeable effect will be a recurrence 
of limestones and chemical deposits alternating with detrital sediments. 


If the matter were no more complex than this, it would be sufficient, 
where such alternations can be detected, to count them, as we count 
the rings of growth of a tree, and reckon 21,000 years for each sedi- 
mentary cycle, that being the period of the precession corrected for 
the movement of the perihelion. If the alternations can be dis- 
tinguished only in some parts of the succession, some hypothesis must 
be devised to take account of the intervals. Gilbert has discussed in 
this way a succession of beds, 3,900 feet thick, forming part of the 
Cretaceous system in Colorado. Alternations of calcareous beds with 
shales come in four times, being separated by unbroken thicknesses 
of shale. Gulbert calculates for the part of Cretaceous time repre- 
sented 2 duration of about 20 million years, with an uncertainty 
indicated by the number 2 as a “ factor of safety.” 


We have to remember, however, that sedimentation is controlled 
by other conditions besides climate, and climate depends upon other 
causes besides the precession of the equinoxes ; and, further, that most 
of these contributing causes cannot be described as periodic in any 
intelligible sense. There is, it is true, a second astronomical movement 
to which both Croll and Blytt have made appeal, viz., the variation in 
the eccentricity of the earth’s orbit. This goes through a period of 
about 90,000 years; but there are considerable irregularities which 
repeat themselves in the course of 1,450,000 years, giving a larger 
cycle which embraces sixteen of the smaller cycles. The change of 
eccentricity must modify the effect of the precessional movement ; 
but Blytt argues that it will also react on the ellipsoidal shape of the 
globe itself, and so give rise to a displacement of shore-lines. He 
claims to have traced this effect, as well as the climatic cycle, in such 
cases as the succession of the Tertiaries in the Paris basin and the 
Isle of Wight. His conclusion is that Tertiary time comprises two 
of the larger cycles, 7.e., about three million years. 


It has usually been assumed that the year is too short a period to 
leave any recognizable mark on the geological record. This is 
probably true in general, but in certain favourable circumstances it 
may perhaps be possible to count annual layers of sediment. De 
Geer has recently attempted this in the case of certain finely laminated 
clays of late Glacial and post-Glacial age in Sweden. The material 
was brought down by sub-glacial streams at a time when the ice had 
retreated to the higher ground. Consequently the seasonal variations 
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were strongly marked, and the accumulation of sediment was rapid 
enough to yield an appreciable thickness in each year. From such 
data De Geer has estimated that the recession of the last ice-sheet 
occupied a duration of about 5,000 years ; and he further gives 7,000 
years as the lapse of time since the recession of the ice. 


As regards the longer astronomical cycles, it is clear that the 
argument involves a large element of hypothesis, and its application, 
as Blytt allows, is beset with practical difficulties. It possesses a 
special interest as lending a new significance to the details of strati- 
graphy, but as a means to the establishment of a geological chronology 
its value is at present only potential. The radium method of evaluating 
geological time seems to offer more immediate promise. 


In conclusion, it is pleasant to note how these applications of 
chemistry, astronomy and meteorology, not merely to general principles 
of geology but to a definite geological problem, emphasize the funda- 
mental unity of the sciences, and illustrate the powerful aid that may 
be rendered by one to another. 
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THE ANALYSIS OF ILKLEY SPA WATER. 
BY BENJAMIN ARTHUR BURRELL, F.I.C. 


Modern Ilkley occupies the site of the Brigantian stronghold of 
Llecan, which subsequently became the Roman station of Olicana. 


“Ichley Fountaine,’ has been in repute for bathing for about 
two centuries, a small bath-house having been built in 1699* Hearne’s 
edition of Leland’s Itinerary contains a letter written by Dr. Richardson 
in 1709 stating, “Ilkley . . . chiefly famous for a cold well, 
which has done very remarkable cures in scrofulous cases by bathing, 
and in drinking of it.” 


In 1734 Dr. Short wrote, “‘ Ichley Spaw springs out of the middle 
of a mountain, a Mile high. . . . The Water is very clear, brisk 
and sparkling, has no taste, colour nor smell different from the common 
Water, is of the same weight. Its Basin and Course are of no other 
Dye than that of a common Spring. . . . Five pints of this 
Liquor exhaled left seven Grains of sediment. . . . Therefore, 
though this Water is of the greatest Esteem and Repute of any in the 
North of England, in the King’s Evil and other old Ulcers; yet it 
derives these Effects neither from its fixt nor volatile Parts, but 
wholly from the Coldness and Purity of the Element.” 


Dr. Rutty in 1757 quotes from another treatise of Short’s specify- 
‘ing the virtues of the “ Ichley Water.”’t 


Dr. Adam Hunter’s examination in 1819 gave :-— 


Temperature of water, 48° F. 
Temperature in shade, 64° F. 
Sp. Gr. at 55° F., 1-00015. 


A wine gallon was found to contain :— 


Muriate of Lime ... ... 6-50 grains. 
Muriate of Magnesia vos = ee 
Total 5... = - Soe 


vitm™* White’s ‘‘ Directory of the West Riding of Yorkshire,” 1838. Vol. II., p. 511.. 
1+ ‘The Natural, Experimental, and Medicinal History of the Mineral Waters of 
Derbyshire, Lincolnshire, and Yorkshire,” Thos. Short, M.D., of Sheffield. London, 
1734. ‘ Page 307. 

+ **A Methodical Synopsis of Mineral Waters,” John Rutty, M.D., London, 1757. 
Page 23. 
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Gaseous Contents :— 


Carbonic Acid Gas... ... 12-60 cubic inches. 
Atmospheric Air ... os ard & 
18-00 


7? 


Quantity 100 gallons per minute and situate nearly three- 
quarters of a mile from the village.* 


T. Shaw, M.R.C.S., in 1830 stated :—“ The water is, perhaps, for 
its purity, tenuity and coldness, the best qualified . . . of any 
water in this part of the country. It has been frequently analysed, 
but the decomposition always proved that it contains no medicinal 
quality . . . itis purity and softness only, which makes it more 
efficacious . . . than any other water known.” 


There is a reference to the water in the “Spas of England.” 
The author having repeatedly measured the flow which he puts at 
60 gallons a minute, the temperature being 47° F. and that of the 
atmosphere, 55° F. The analysis of Dr. Hunter is quoted. 


William West in 1844 stated that he had not analysed it, but 
gives its composition in grains per gallon : §— 


Chloride of Sodium us One 
Sulphate of Soda ... ... 0°366 
Sulphate of Lime .... on ee 
Carbonate of Lime .. 2°353 
Carbonate of Magnesia ... 1-04 
Silicate of Soda... ‘za, ) 2-066 
Peroxide of Iron ... ..- 0-060 
Total ... 7! ere tg 


The following analysis is given in some of the local guides. The 
author is not stated :— 


Sulphate of Sodium ... 2-939 grains per gallon. 
Chloride of Calcium nen OSTZ . 
Carbonate of Calctum =... 2-185 


+ 


* ** An Essay on Two Mineral Springs at Harrogate and on the Springs at Thorp 
Arch and Ilkley,” Adam Hunter, M.D., Leeds, 1819. 
+ “The History of Wharfedale,” by Thomas Shaw, M.R.C.S., Otley, 1830. 


+ ‘‘The Spas of England,” Northern Spas, Vol. I., A. B. Granville, M.D., F.R.S.. 
London, 1841. 


§ ‘Brit. Assn. Notices,” 1845, p. 107. 
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Silica fe Et ... 1-200 grains per gallon. 
Chloride of Sodium «+ O50! e 
Solid Matter a ci. LOTS ay 


Free Carbonic Acid 6-581 cubic inches per gallon. 


Temperature, 43-45° F. 

For several years past the writer has taken samples of the water 
from the pipe used for filling the Roman Bath at the White Wells, the 
height of which is about 660 feet above sea level. The water issues 
from the middle or third grits of the Millstone Grit series. Variations 
in temperature are very slight. the following readings selected from 
those made on ten different occasions show the extreme variations :— 


Témperature of Air (Shade). Temperature of Water. 
1o2 -w. 8-8° C. 
9-4° C. tM. 

The water is clear and free from sediment. The general pro- 
cedure was that recommended by Fresenius, and all numbers given are 
the mean of at least two, and generally of three or four determinations. 
For substances present in minute quantity the residues obtained by the 
evaporation of from 45 to 50 litres of the water were used. With 
such quantities neither bromine, iodine, barium nor strontium could 
be detected. International Atomic Weights, 1912, were used for the 
calculations. 


The constituents are given in :— 


grams pert litre. grains per gallon. 

S10, 0-0152 1-0641 
oe DEES 0-0176 1-2368 
NO; 0-0001 0-0093 
Nitrous Acid none none 

PeOy trace trace 

Cl 00110... 0-7700 
Fe 0-00016 ... 0-0112 
Al trace trace 

Ca 0-0169 1-1866 
Mg 0-0090 0-6307 
Na 0-0119 0-8331 
K 0-00125 0-0876 
Wa. a 0-00019 0-0136 
Free Ammonia —_ 0-0011 
Albuminoid Ammonia ... — ae 0-0020 
Oxygen absorbed in 4 hours @ 26°6° C. ... 0-0016 


BURRELL: THE ANALYSIS OF ILKLEY SPA WATER 17 


Taking into account the composition of the filtered boiled water, 
the acids and bases may be combined as follows the numbers being in 
grains per gallon :— 


Ferric Oxide(Fe,O;) ... ... 0-0159=Ferrous 
Carbonate 0-0232 


Calcium Carbonate (CaCO. ) Au, 0-80T8 
Calcium Nitrate (Ca2NO,) ... 0-0140 
Calcium Silicate (CaOSi0,) ae 20535 
Calcium Sulphate (CaSO,) sea 5199 


Magnesium Carbonate (MgCO,)... 14235 
Magnesium Sulphate (MgSO,) ... 1-0900 
Potassium Carbonate (K.,CO,)... 0-1548 


Sodium Carbonate (Na.CO.) ... 0-8726 
Sodium Chloride (NaCl) ... a, 41050 
Lithinm Chloride (LiC}) ... ... 00831 

81901 


Total Solid Constituents dried at 173° C., 8°295. 
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TEMNOCHEILUS DERBIENSIS, SP. NOY. 
BY WHEELTON HIND, M.D., B.S., F.R.C.S., F.G.S. 


(Reap Novy. 20TH, 1913). 


c.f. Nautilus latus de Koninck 1878, Ann. Mus. d’hist. Nat. de la Bel- 
gique. Tom. II. ; Pt. I., p. 110, Pl. XXIV, Figs. 3, a, b, e. 


The specimen on which this species 1s founded was obtained from 
a small quarry on the east of the lane leading from Thorpe to Tissing- 
ton, Derbyshire. The horizon of the quarry is that of the Upper 
Dibunophyllum zone, and the fauna is rich in the characteristic brach- 
iopods of the zone. 


The specimen (Plate I) consists of three whorls and is entirely 
camerate and no indication of the body chamber is preserved. It has 
been impossible to completely expose the neanic and nephionic stages. 


SPECIFIC CHARACTERS.—Shell of moderate size, involute, expand- 
ing gradually. Inner whorls well exposed. Umbilicus large and open, 
its outer margin angular and.tuberculate, its sides only slightly convex. 
The greatest transverse thickness of each whorl is from outer margin 
to outer margin; whorls at least 4. The peripheral margin of the 
whorl is broad and almost flat, near the margin it may be very slightly 
depressed before it is raised into the keel-like margin, which is tuber- 
culate, the tubercles being separated from each other by about three 
camere, and having the extent of almost one camara. 


The camere are numerous, about 28 in the last remaining whorl 
of the specimen. The septa are concave on the sides and pointing 
forward at the peripheral margin, but on the periphery only slightly 
concave. The siphuncle is central. 


Test, thin, ornamented by many close fine striz. 


MEASUREMENTS.—Greatest diameter, 78 mm. ; Periphery, 56 mm. 


Horizon and Locatity.—Upper Dibunophyllum zone. Car- 
boniferous Limestone quarry east of Tissington Hall, Derbyshire. 


OBSERVATIONS.—The specimen under description is much too 
broad and the periphery much too flattened to be reterred to Temno- 


W.G.Browning del. Huth imp. 
Temnocheilus derbiensis, sp.nov. 


Proc. Yorks. Geol. Soc., Vol. XIX. 
Plate Il. 
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chielus coronatus which also has a much more convex umbilical slope 
and the peripheral margin less angular. 


Judging from the figure of the Visean specimen of Nautilus latus 
figured by de Koninck (Op. supra cit.) I think it is identical with my 
specimen. WN. latus was described and figured by Meek and Worthen 
and their type is from Illinois, N. America. Comparing their figure 
(Geol. Surv., Illinois, Vol. V, Pl. 30, Figs. 2, a, b), it is much less trans- 
verse and the whorl not so deep as in the Belgian specimen and I doubt 
whether the latter is correctly referred to Meek and Worthen’s species. 
The American specimen is stated to consist of “half of one volution”’ 
and to be “ unseptate.”’ 
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THE MILLSTONE GRIT SEQUENCE BETWEEN MASHAM AND GREAT 
WHERNSIDE. 


BY W. S. BISAT. 
(Reap Sept. 20TH, 1913). 


The district in which the rocks under discussion are situated is 
bounded on the N.W. by Coverdale, east by the Valley of the Ure, 
west by Wharfedale, S.E. by the watershed dividing the Burn and 
Laver valleys, and on the 8.W. by an arbitrary line running due west 
from Ramsgill into Wharfedale. 


The whole of the Millstone Grit sequence is not seen in this area, 
beds which have been referred to the top of the Third Grits being 
the highest that have escaped denudation. 


It is of course well known that the succession consists of the 
usual alternations of grits, sandstones and shales, but owing to the 
variation horizontally and general similarity of the sandstone and 
grit bands, it does not appear possible or useful to attempt any division 
of the series based on the occurrence of grit or sandstone beds at 
varying horizons. 

Marine fossils occur at two well-defined horizons, and it is pro- 
posed to make use of these two bands as a basis for the subdivision 
of the sequence. 


Phillips in his “ Geology of the Mountain Limestone District ”’ 
(pp. 209-212) published in 1836, records five marine fossils from Col- 
sterdale on the authority of Danby. 


The Rev. J. 8S. Tute recorded from the neighbourhood of Ripon 
(Proc. Yorks. Geol. Socy., 1867 and 1886), a list of marine fossils 
from an horizon in the Third Grits which he termed the Cayton Gill 
Beds on account of their being well exposed in Cayton Gill, near Ripon. 
From the same neighbourhood Dr. Wheelton Hind has since recorded 
(The Naturalist, 1907, pp. 92, 93) a much fuller list, and the mapping 
of the Survey indicated that these beds continued as a fossiliferous 
horizon as far north as Masham. 


The excavation of the trench for the core wall at Leighton 
Reservoir, near Masham, for the Leeds City Council, though un- 
fortunately mainly passing through beds of a barren character, has 
provided an opportunity for making a fairly detailed examination 
of the sequence, the determination of the relative position of. the 
two marine bands above alluded to, and the obtaining of satisfactory 
aunal lists therefrom. 
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Using the two well established fossiliferous horizons to split 
up the series, we obtain the following groups of beds :-— 


Brimham Grit Group n# ... 900 ft. 

Cayton Gill Beds... Bg az, 150 ff. 

Barren Beds ... 2, ats ras, SOO te. 
Colsterdale Fossil Beds _... ... 10 ft.-80 ft. 
Basement Shales... si ... say 300 ft.-400 ft. 
Basement or Bearing Grit... ... 0 ft.-200 ft. 


The thicknesses given to the first three sections are of the series 
as developed at Clints, near Leighton Reservoir, Masham ; the thick- 
ness of the Colsterdale fossiliferous horizon (Plate II.) appears to vary 
to the indicated extent ; and the thickness of the basement shales is 
estimated from the Coverdale exposures. 


These basement shales, which together with the basement or 
Bearing Grit form the lowest beds in the series, lie on a variable base, 
which is seen in Nidderdale and Coverdale ; and indications of erosion, 
which may be responsible for a good deal of the variation, are not 
lacking. The Bearing Grit, above alluded to, is seen very well in 
Howstean Beck and Blayshaw Gill near Lofthouse-in-Nidderdale, 
and appears to attain a maximum thickness along a north and south 
line under Great Whernside. The shales are usually fairly sandy, 
and contain some small sandstone bands, but are generally of a limp 
character. They are to some extent micaceous, and thin coals occur 
near the base. Occasional small obscure shells are met with, but I 
have not yet had the opportunity of examining the whole of the thick- 
ness, and a good deal of work remains to be done in the examination 
of these shales, and the underlying junction with the Yoredale lime- 
stones. 


At the top of the above shales a sandstone or grit band occurs 
almost everywhere, with a coal seam in part of the area. This coal 
seam has been worked in Coverdale, Nidderdale and Colsterdale, 
has a thickness varying up to | ft. 6 in. or 2 ft., and is a useful guide 
to horizon. It is followed by shales containing a marine fauna. These 
fossiliferous shales may be traced from Colsterdale to Great Whernside 
and southwards from thence along the borders of Nidderdale and 
Wharfedale. Along this latter line the thickness of fossiliferous 
shale does not appear to be more than 10 ft., including a thin lime- 
stone band about a foot in thickness, which has been mapped and named 
by the Survey the “ Tesselated Limestone”; but the fossiliferous 
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group thickens out to the north-east in Colsterdale, mainly owing 
to grit bands coming in. Here trial holes were sunk some years ago 
by the Leeds City Council for their water scheme, and the material 
tipped to spoil has yielded a fairly large fauna. The coal seam may 
be taken as forming the base of the fossiliferous group, but un- 
fortunately there are no exposures showing the whole series, and failing 
this, it is not easy to assign any definite thickness to these beds, but 
lacking better evidence, about 80 ft. of beds may be taken as here 
belonging to the marine band, which thickness includes about 40 ft. 
of grit and ganister which seem to have fossiliferous layers. 


Above these fossiliferous shales there is a thickness of about 250 
ft. of sandstones, plates and shales, often very micaceous and apparently 
barren of any marine fauna. The sandstone bands are not of very 
great thickness, and very often merely seem to be long lenticular 
wedges. The thickest band seen is a well marked grit running 
down the east side of Birk Gill, where it forms the moor top. On. 
reaching Healey Pasture quarry it has become finer grained and is 
not definitely traceable further south. Its thickness is 50 ft. to 60 ft., 
it occurs in the middle of the series, and is perhaps represented by rock 
bands seen at Leighton Reservoir and below Healey, but there appears 
to be no means of correlation. The shales form at Leighton about 
60 per cent of the series, are fairly hard and sandy, and usually full 
of hard fine grained grey sandstone streaks, which may in a few feet 
horizontally change the shale into a sandstone. These sandstones 
contain large concretions of sandstones with a calcite matrix. 


The above series of barren beds possesses on the whole strong 
features, and forms a cap in many places to the relatively softer beds 
below. Beds at this horizon form a capping to the Nidderdale hills 
in the neighbourhood of Great Whernside, but are best seen in the valley 
of the Burn, where characteristic exposures of alternating sandstone 
and sandy shale may be seen in most of the small gills and in the 
river Burn itself. 


At the top of this series of barren beds there have been small 
exposures on the south side of the valley at Leighton Reservoi®which 
show what appears to be a definite line of erosion of greater magnitude 
than the small signs of contemporaneous erosion that occasionally 
may be seen in these beds. Not only is the erosion line fairly well 
marked, but also the overlying sediments are of totally different 
character. The sandstones are thin and contain thick clay partings, 
and the shales are extremely argillaceous, a character which the shales 
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in the whole of the 250 ft. intervening between this horizon and the 
underlying Colsterdale beds never assume, and only remotely approach 
in extreme cases. The channel formed by this erosion line appears 
to run north-east and south-west. 


The shales above the erosion line have yielded Lingula mytiloides, 
and in the sandstone beds which follow a fauna especially rich in 
lamellibranchs is developed. This sandstone bed is the main shellbed 
of the Cayton Gill series, which may be taken as commencing at the 
erosion line. Unfortunately only the lowest and least fossiliferous 
part of this series was exposed at Leighton, but at Roundhill Reservoir, 
Arnagill Valley, High Ash Head Moor, and in theriver Burn, near Shaw’s 
Bridge, Swinton, more fossiliferous beds are exposed, and boulders 
may be seen strewing the line of outcrop. A dark, platy sandstone 
higher up in the series is seen at Arnagill Valley and High Ash Head 
Moor, and has yielded numerous brachiopods, but no lamellibranchs. 
A similar band on the bank of the Ure, near Hackfall, probably repre- 
sents the same horizon. The boring at Roundhill noted on page 
59 of Fox-Strangways’ “Geology of the Country north and east of 
Harrogate,” passed through the whole of this series, and indicated 
about 60 ft. of shales in the upper part, which unfortunately do not 
appear to be exposed anywhere in the district. There is some little 
difficulty in determining the exact thickness to assign to the Cayton 
Gill Beds as the top is nowhere seen owing to lack of exposures. The 
total thickness is here taken as 150 feet, which allows the shales im- 
mediately below the lower grit band of the Brimham Grit group to be 
included with the grits. 


Beds of this age form the moor top to the east of Lofthouse, 
and stretch northwards round the bend of Nidderdale to Great Haw. 
In the region between Great Haw and the head of Grimes Gill a hard 
white ganisteroid sandstone appears low down in the Cayton Gill 
series, apparently underlying the main shell bed. 


The base of the series at Leighton is mainly formed of clay shales, 
and this appears to be the case wherever exposures are available, 
similar shales being seen at Woo Gill, Nidderdale, and traces in Arna- 
gill Valley and Ger Beck, Tranmire. These shales have only yielded 
LIingula, and that but sparmgly. Shales a little higher are more 
fossiliferous. 


The sandstone beds seen at Fountains, near Ripon, are much 
harder and more calcareous than those of this district. 
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It is not possible owing to lack of exposures to give much detail 
of the Brimham Grit group. There are two strong grit bands, one of 
which is quarried. The quarry baring shows overlying this grit band 
shales which are fairly argillaceous, and to some extent resemble 
the beds at the base of the Cayton Gill series, though they contain 
no fauna. There are one or two thin layers of coaly shale. They 
differ from the barren bed shales in the absence of the strong sandstone 
streaks which pervade the latter, and also their colour is much lighter. 


Taking the whole series into consideration the fact emerges that 
the real clay shales are confined to one or other of the two bands 
which contain a fauna, and thus it would appear that the conditions 
which were favourable to abundant marine life usually led to the 
formation of shales of a clayey rather than a sandy type. 


Dr. Hind states that the Colsterdale fauna has a Pendleside 
facies, and it appears to be a question for further investigation whether 
these lower beds are not really the northern equivalent of the Pendle- 
side shales further south. | 


In conclusion, thanks are due to Dr. Wheelton Hind for the 
identification of the fauna, and to the officials of the Leeds, Harrogate, 
and Bradford Corporations for permission to visit tips and for informa- 
tion as to sections. 


As developed at Clints Hill, near Leighton Reservoir, Masham. 
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Diagrammatic Section of the MILLSTONE GRIT sequence as seen 
between MASHAM and GREAT WHERNSIDE. 
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PALZONTOLOGICAL NOTES ON THE MILLSTONE GRIT BEDS BETWEEN 
MASHAM AND GREAT WHERNSIDE. 


BY WHEELTON HIND, M.D., B.S., F.R.C.S., F.G.S. 
(Reap Nov. 20Tx, 1913). 


From time to time some Millstone Grit Fossils have been noted 
from the district round Harrogate and Pateley Bridge, the list given 
in the Memoir of the Geological Survey, “‘ The Geology of the Country 
north and east of Harrogate,’ by Fox-Strangways, page 7, being 
the most recent and up-to-date. 


I was fortunately able to make a fairly extensive collection from 
these localities at the time of the visit of the Yorkshire Geologists’ 
Association to Pateley Bridge in 1906, and have been waiting since 
then for an opportunity to pursue the subject. Fortunately Mr. 
Bisat took up the question of fossil horizons in the Millstone Grits, and 
has kindly allowed me to examine all his material and now to co- 
laborate with him. 


Several new species of lamellibranchs have occurred in the Cayton 
Gill Beds which I now propose to describe, but perhaps the most 
interesting fact is the facies of the fauna, which contains a large number 
of species common to it and the Dibunophyllum beds of the Carbon- 
iferous Limestone, and does not contain the Goniatite fauna and its 
associated lamellibranchs so frequently met with in the slate beds 
_ between the different members of the Millstone Grit, for example at 
Wadsworth, Eccup and Sabden. 


Messrs. Barnes and Holroyd described a fossiliferous bed of Mill- 
stone Grit on Pule Hill (Trans. Manch. Geol. Soc., Pt. vii., Vol. xxv.), 
but the f: »ems to be almost entirely different from the one under 
descrip’ o brachiopoda were found there. 


The 2 ence inthe Cayton Gill Beds of so many species of fish, 
brachiopods, iamellibranchs and cephalopoda which were last seen 
in the Dibunophyllum zone opens up the whole question of strati- 
graphy. Do the grits of the Pateley Bridge area represent a horizon 
totally different from those further south? Is the horizon of this 
fauna accurately known with regard to the occurrence of the same 
fauna elsewhere ? Why is not the real Millstone Grit fauna met with 
in the series except at Colsterdale, and there only in part ? 


The Colsterdale fauna is almost totally different from that of the 


26 HIND: THE MILLSTONE GRIT FAUNA 


Cayton Guill Beds, and may be said to have a Pendleside facies. If 
this bed is shown to be below the Cayton Gill Beds, then we at once 
have evidence of the fact that at the close of the Dibunophyllum 
period in the area in discussion, the fauna was not extinguished, but 
merely migrated and returned at a much later date when the con- 
ditions were favourable, but though favourable very different from 
those of the Carboniferous Limestone sea. 


In connection with this band the occurrence of Prothyris elegans 
is interesting This shell occurs in the Millstone Grit of Scotland, 
and I have obtained it from Congleton Edge quarry just above the 
zone of Glyphioceras spirale. It is a North American species and is 
not uncommon in the Coal Measures of Nebraska. 


GRAMMATODON REGULARIS sp. nov. 
[Figs. 12-14; Plate IV.]. 


Parallelodon meridionalis Hind, 1897. Brit. Carb. Lamell., Pl. XIII., 
Fig. 9. 

obtusum, 1902, Trans. N. Staff. F. C., Vol. XXXVI., 
Page 78. 
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SPECIFIC CHARACTERS.—Shell transverse, narrow and tumid, 
very inequilateral. The anterior border rounded. The lower border 
and hinge line almost parallel, the posterior border obliquely truncate 
from above downwards and backwards. The posterior superior 
angle obtuse. Umbones small, somewhat raised, nearer the anterior 
end. The valve is moderately tumid except on the dorsal slope where 
it 1s rapidly compressed and hollowed above an oblique rounded 
ridge passing from the umbo towards the posterior inferior angle. 
Escutcheon large and well marked. 


InTER1IOR.—The hinge plate and muscle scars normal. 


EXxTERIOR.—The surface is ornamented with fine lines of growth 
which become more pronounced and thicker on the posterior part of 
the valve. Fine decussating radiating lines are to be noted, which 
become much more apparent on the dorsal slope. 


Dimensions.—Fig. 14, Pl. IV. measures :— 
Anteroposteriorly, 32 mm. 
Dorsoventrally, 11 mm. 
Transversely, 10 mm. 
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Locaities.—The marine bed of Millstone Grit, Hazel Hill and 
Clint Quarries. The marine band associated with Glyphioceras 
spirale at Congleton Edge. 


OBSERVATIONS.—I figured a specimen of this species showing the 
hinge-plate and both valves, Op. supra cit., referring it to Parallel- 
odon meridionalis de Koninck, to which species it has a fairly close 
resemblance. The Belgian shell comes from the Tournasian beds 
and is less transverse, comparatively deeper and has its ornament and 
lines of growth more deeply incised and more irregular. Grammatodon 
obtusus is comparatively deeper in a dorsoventral direction and has 
a well-marked broad byssal sinus, which is practically absent in the 
species under discussion. 


In lists of fossils from Congleton Edge I have referred to this 
species as Parallelodon obtusum. 


Several specimens have been found at each locality. 


SEDGWICKIA TRANSVERSA Sp. nov. 
[Figs. 18, 19, Pl. V.] 


SPECIFIC CHARACTERS.—Shell transversely ovate, moderately 
gibbose, compressed and narrowed posteriorly, inequilateral, somewhat 
oblique. 


The anterior end short, its margin broadly elliptical. The inferior 
border convex; the posterior end obliquely truncate and almost 
straight, posterior superior angle obtuse. The hinge line is gently 
arcuate. The umbones are tumid, raised and incurved, placed at 
the junction of the anterior and middle thirds of the hinge plate. 
Passing backward from the umbo is a fairly well marked oblique ridge 
which marks off a very narrow dorsal slope from the rest of the valve. 
The curvature of the valve is regular but more convex from above 
downwards than antero-posteriorly. 


INTERIOR.—Anterior and posterior adductor scars large and well- 
marked ; the former close to the margin. Hinge edentulous. 


ExTeRI0oR.—The markings on the valve, as in all shells of the 
genus, consist of concentric lines of growth, strong, regular and well- 
marked on the anterior end, and becoming finer as they cross the shell 
and gradually obsolete, so that the posterior half of the valve seems 
smooth. 
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DimeEnsions.—Fig. 18, Pl. V., measures :— 
Anteroposteriorly, 50 mm. 
Dorsoventrally, 35 mm. 
From side to side, 22 mm. 


Locauiry.—Millstone Grit, Hazel Hill near Ripon and boulder 
near Masham. 


OBSERVATIONS.—Two specimens of this species have been obtained. 
Kach is a cast of the interior of both valves. The figured specimen 
was in a matrix which showed the characteristic external ornament of 
the genus. 


Sedgwickia transversa is comparatively much less deep dorso- 
ventrally than S. gigantia, and more tumid. 


It is not likely to be mistaken for any other species of the genus. _ 


SANGUINOLITES MODIOLARIS, sp. nov. 


[Fig. 23, Pl. V.] 


SPECIFIC CHARACTERS.—Shell transverse, very inequilateral, 
modioliform. The anterior end is very short and narrowed, its margin 
rounded. The inferior border is straight, the posterior bluntly rounded 
and the hinge line straight, gently raised as it passes backwards. The 
umbones are placed very far forward, not terminal, narrowed and 
compressed, only slightly raised. Projecting backwards from the umbo 
is a well marked ridge which is separated from the rolled external 
margin of the escutcheon by a elongate concavity, which becomes 
slightly broader and shallower as it approaches the posterior superior 
angle. Below this ridge is the dorsal slope, which passes almost 
imperceptibly into the rest of the valve, but in some and more adult 
specimens there is a tendency to form an obscure oblique ridge from 
the umbo to the posterior inferior angle. The tumid portion of the 
valves is oblique from the umbo to the posterior inferior angle, in front 
of and below which the valve is gently compressed. The escutcheon 
is well developed. On the dorsal slope another obscure radiating line 
is sometimes seen. 


InTERIOR.—The large, marginal, deep, anterior muscle scar, with 
the ridge behind it, so typical of the genus, is well marked. Hinge plate 
apparently edentulous and normal. 
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ExtTer1IoR.—The surface is ornamented by fine concentric lines 
_of growth. 
. Drimensions.—Fig. 23, Pl. V., measures :— 
Anteroposteriorly, 45 mm. 
Dorsoventrally, 18 mm. 
Elevation of valve, 8 mm. 


Locatiry.—The Millstone Grit of Hazel Hill and Clints quarry. 


OBsERVATIONS.—A_ typical Sanguinolites somewhat resembling 
S. tricostata, but more transverse and not so markedly tricostate and 
there is no oblique ridge. The anterior end is very short indeed and 
almost entirely filled by the anterior adductor muscle scar. 


t 


PALZOLIMA STRIATA, Sp. NOV. 
[Fig. 9, Pl. IV.] 


Speciric CHARACTERS.—Shell small, oblique, subquadrate, com- 
pressed, broader dorsoventrally than anteroposteriorly, slightly 
inequivalve. The anterior border almost straight, the inferior, curved, 
the posterior almost straight, oblique, the hinge line straight, shorter 
than the inferior border. Umbones small, tumid, slightly raised and 
central, ears small, the posterior ear almost obsolete. 


1 


Exter1or.—The surface is ornamented by numerous fine, close 
radiating moniliform lines. The right valve almost smooth. 


Dimenstons.—PI. IV., Fig. 9 measures :— 


Anteroposteriorly, 13 mm. 
F Dorsoventrally, 14 mm. 


Locatiry.—Millstone Grit, Clints quarry. 


OBSERVATIONS.—The specimen consists of both valves which 
are exposed on the same slab, one of which has some fragments of 
the external surface preserved. 


_ The species is at once distinguished from all others of the genus 
by its ornament and flattened shape. 


One specimen shows the single adductor scar subcentral in position 
and indicates in the cast the ornament of the surface. The left valve 
seems somewhat more gibbose than the right. 
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LIMATULINA OCCIDENTALIS SHUMARD, sp. 1885. 
[Figs. 5,6, 7, Plate III.; Fig. 8, Plate IV.]. 


Pecten occidentalis Shumard, 1855, Missouri rep., page 207, Pl. c., 
Fig. 18. 

cleavelandicus Swallow, 1858, Trans. St. Louis Acad. Sci., 
Vol. I., page 184. 

cleavelandicus Meek & Hayden, 1864, Pal. Up. Mo., page 50, 
POAT; fis, 

occidentalis Meek & Worthen, 1866, Geol. Rep., Illinois, Vol. 
II.,; page 331., Pl. XXVII., Figs. 4 and 5. 

missouriensis (7) Geinitz, 1866, Carb. and Dyas in Neb., page 
oo, “Lab; Th. Fie ms: 

Aviculopecten occidentalis Meek and Hayden, U.S. Geol. Soc., 

Nebraska, page 191, Pl. [X., Fig. 10. 


9? 


SPECIFIC CHARACTERS.—Shell unequivalve, the right valve almost 
flat, the left more gibbose, excluding the ears, subovate acute, not 
oblique. The anterior, inferior and posterior margins regularly rounded _ 
and moderately convex. Ears well marked and large, not extending 
quite as far forwards and backwards as the greatest transverse diam- 
eter of the valve. The anterior ear of the right valve is depressed 
and sharply marked off from the rest of the shell by an oblique groove, 
the posterior triangular, flattened and its posterior border falciform. 
The anterior ear of the left valve is triangular, well defined, and much 
depressed so that the shell from the umbo to the margin forms a marked 
angular ridge. The posterior ear more gradually compressed, and its 
posterior margin falciform. The umbo of the left valve is acute, 


erect, central. 


Inrertor.—The hinge-plate is flattened and striated transversely. 


ExTeRIoR.—The surface of the left valve is ornamented by nu- 
merous somewhat irregular radiating lines, some of which start from 
the umbo and others are intercalated between them as they pass 
across the surface so that it happens that in a group of four the outer 
lines are the strongest, the middle line a little less strong, and the 
intermediate lines still weaker. On the right valve the ribs are coarser — 


and less numerous. 
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On the ears of the left valve the radiating costz are crossed 
_ by concentric lines of growth which, as they cross them, make the 
ostee imbricate. 


Dimensions.—Pl. IV., Fig. 8, a left valve, measures :— 
Anteroposteriorly, 40 mm. 
Dorsoventrally, 38 mm. 

Transversely, 10 mm. 


Locatities.—Millstone Grit, Hazel Hill, Clints Quarry. 


OBSERVATIONS.—Some half-dozen good specimens have been 
obtained mostly in the form of casts, but an accurate idea of the surface 
marking can be obtained from squeezes of the external cast. One 
bivalve specimen is fortunately to hand, and this shows the typical 

_ characters of Limatulina. Meek, Op. supra cit., in describing the right 
valve of A. occidentalis states—‘“‘ right valve nearly flat and having 
the general outline of the other excepting that its beak is scarcely 
distinct from the cardinal margin.” I understand this to mean that 
the umbo of the left valve was raised over that of the right valve, and 
to indicate that the shell is a Limatulina and not Aviculopecten. The 
position of the opposing valves at the umbones is well shown in 


figures 7, 7a, Plate IIT. 


L. occidentalis is a larger shell than L. scotica, comparatively 
broader and more gibbose. The ornament in L. desquamata and the 
radiating lines are not so regular. 


L. alternata is much narrower and more convex. 


TELLINOMORPHA TRANSVERSA Sp. NOV. 
[Plate V., Fig. 24]. 


SPECIFIC CHARACTERS.—Shell transverse, tumid, superior and 
inferior borders sub-parallel, very inequilateral. The anterior end, 
short, depressed, narrowed, ellipsoidal. The inferior border almost 
straight, the posterior obliquely truncate, posterior inferior and superior 
angles well marked; the hinge line almost straight. The umbones 
are small, elongate, tumid and placed at the junction of the anterior 
and middle thirds of the valve. Lunule and escutcheon welt 
marked. The latter bounded externally by a rolled margin. The 
dorsal slope is hollow. The rest of the valve tumid. A well-marked 
oblique fold passes from the umbo to the posterior inferior angle. 
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Inrer1or.—The anterior adductor muscle scar is large and occupies 
the greater portion of the anterior part of the valve. Hinge-plate 
apparently edentulous. | 


KxtertIor.—The shell is ornamented by somewhat irregular 
lines and strize of growth. 


DimEnsions.—Fig. 24, Pl. V., measures :— 
Anteroposteriorly, 26 mm. 
Dorsoventrally, 14 mm. 

From side to side, 10 mm. 


Loca.iry.—Millstone Grit, Hazel Hull. 


OBSERVATIONS.—Two specimens of this species have occurred, 
both are bi-valved and casts of the interior. The general shape and 
the narrow elongate anterior end at once distinguish the shell from 
T. cunerformis. 


ALLORISMA TUMIDA, sp. noy. 
[Plate VI., Figs. 26, 27]. 


SPECIFIC CHARACTERS.—Shell tumid, inequilateral, transverse. 
The anterior end blunt and rounded is very short. The superior 
and inferior borders sub-parallel, the posterior border bluntly sub- 
truncate. The umbones are blunt, incurved, not much raised and 
transverse. The dorsal slope is comparatively small, but compressed, 
lunule and escutcheon well developed. 


InrER1IoR.—Anterior adductor scar large. Hinge-plate not seen. 


ExTERIOR.—The surface of the shell, especially in the anterior 
portion, is ornamented with a few broad concentric folds and sulci 
which become obsolete on the posterior part of the valve, the dorsal 
slope is smooth. 


Dimenstons.—PIl. VI., Fig. 26, a small example measures :— 
Anteroposteriorly, 19 mm. 
Dorsoventrally, 16 mm. 
From side to side, 11 mm. 


LocaLirty.—Millstone Grit of Hazel Hill. 


OBSERVATIONS.—Four examples of this species have been found 
but the material is poor and leaves much to be desired. It is not 
likely to be mistaken for any other species of the genus. 
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SPATHELLA LATA Sp. Nov. 
[Plate VI., Figs. 32, 33]. 


3 SPECIFIC CHARACTERS.—Shell broadly ovate, inequilateral, mod- 
erately gibbose, with a compressed but narrowed dorsal slope. The 
anterior end is fairly prolonged, its margin rounded. The inferior 
border is gently convex ; the posterior narrower than the anterior is 
apparently rounded, truncate in its upper portion. The superior 
border is arched in front, almost straight posterior to the umbo. 
The umbo is well marked, incurved, raised above the hinge and 
situated only a short distance in front of the centre of the upper border. 
Passing obliquely downwards and backwards from the point of the 
umbo is a strong ridge which soon becomes lost in the general convexity 
of the valve, which separates the rather narrow dorsal slope from the 
remainder of the valve. The escutcheon is long and narrow. 


InTERIOR.—The anterior adductor muscle scar is rounded, not 
deep or marked off posteriorly by a ridge. The posterior oval, placed 
high up in the hollow of the dorsal slope. Mantle line entire. 


Hinge plate thickened, concave from above downwards and 
apparently edentulous. : 


ExTeRIoR.—Apparently almost smooth. 


Dimensions.—Fig. 32, Pl. VI., the cast of a left valve measures :-— 
Anteroposteriorly, 58 mm. (estimated). 
Dorsoventrally, 30 mm. 

Gibbosity of Valve, 10 mm. 


Locatiry.—Muillstone Grit, Hazel Hill near Ripon. 


OBSERVATIONS.—This is a largish shell, but almost featureless, 
both in external characters and the simplicity of the hinge-plate. Some 
_ half-dozen specimens have been obtained from the Hazel Hill locality, 

but it has not been found elsewhere in the Marine Band. 
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DESCRIPTION OF PLATES. 


Piste Ti. 


Fig. 1, Aviculopecten dissimilis (left valve). Clints quarry. 


Fig. 2, 4 interstitialis (left valve). Roundhill Reservoir. 

Fig. 3, ie clathratus (left valve). Linden Gill, Leighton. (Daystones). 
Fig. 3a, > interstitialis. Probably Fountains Quarry. 

Fig. 4, 35 clathratus (left valve). River Burn, near Shaw’s Bridge, Swinton. 


Figs. 5, 6, Limatulina occidentalis (left valves). From a boulder, Leighton Road. 
Figs: 1,.%4, %Osrss 44 (showing both valves). Same locality. 


Plate 1V. 


Fig. 8, Limatulina occidentalis (a left valve). Near Pott Hall, Leighton. (Daystones). 
Fig. 9, Palzeolima striata (both valves). Clints quarry. 

Fig. 10, Myalina peralata (left valve). Near Linden Gill, Healey. (Daystones). 

Fig. 11, Leiopteria thompsoni (left valve). Near Linden Gill, Healey. (Daystones). 


Pip ala, ‘3 laminosa (right valve). Near Pott Hall, Leighton. * 

Fig. 12, Grammatodon regularis (right valve showing posterior hinge teeth). Hazel Hill. 
Fig. 13, “I », (right valve, from a cast showing external surface). ,, 
Fig. 14, », (a bivalve example). Hazel Hill. 


Fig. 15, Schizodus wheeleri (right valve). Near Pott Hall, Leighton. (Daystones). 
Fig. 16, Protoschizodus axiniformis. From a boulder at Leighton Road diversion. 


Plate V. 
Fig. 17, Protoschizodus curtus (right valve). Hazel Hill. 
Fig. 17a, T ., | Woo Gill, Nidderdale. 
Fig. 17b, =f » (right valve). Hazel Hill. 
Fig. 18, Sedgwickia transversa (cast of both valves), From a boulder at Leighton 
, reservoir. 
Fig. 19, >) i (cast of both valves). Hazel Hill. 
Fig. 20, Edmondia m’coyi (right valve). Near Linden Gill, Healey. (Daystones). 
Bie. 2), os * Huzel Hill. 


Fig. 22, Scaldia benedeniana (right valve). From a boulder, Leighton Road. 

Fig. 23, Sanguinolites modiolaris (a left valve). Near Linden Gill. (Daystones),. 
Fig. 23a, a ¥ (a left valve). Hazel Hill. 

Fig. 24, Tellinomorpha transversa (cast of both valves). Leighton Road diversion. 


Plate VJ. 


Fig. 25, Tellinomorpha transversa (both valves). Nr. Linden Gill, Healey. (Daystones). 
Fig. 26, Allorisma tumida (right valve). Near Pott Hall, Leighton. (Daystones). 

Fig. 27, an suleata (a bivalve example). Woo Gill, Nidderdale. 

Fig. 28, Tellinomorpha transversa (external surface). Hazel Hill. 

Fig. 29, Cypricardella parallela. Quarry near Pateley Bridge. 

Fig. 30, Prothyris elegans. Trial hole near Gollinglith Foot, Colsterdale. 

Figs. 31, 3la, Ephippioceras bilobatum. Hazel Hill. 

Fig. 32, Spathella lata (a left valve). Near Pott Hall, Leighton. (Daystones). 

Fig. 33, ¥ », (aright valve). Hazel Hill. 
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ANNUAL REPORT FOR 1912. 


The Society has enjoyed another successful year, an average num- 
ber of members having attended the meetings and excursions. Part. 
Ill. of Vol. XVII. of the Proceedings was published at the beginning 
of the year, but owing to a mistake on the part of the printers was cut 
smaller than the standard size. This would have caused a difficulty 
when binding the completed volume, so arrangements were made with 
the printers who undertook to reprint a number of copies. The 
members of the Society were informed of this and such as applied 
received copies cut to the normal size. Considerable progress has been 
made with the Bibliography of Yorkshire Geology. The special 
Editor, Mr. T. Sheppard, found—during the editing of the MSS. of the 
late Mr. Fox-Strangways—that many additions were necessary, so 
that ultimately the work will contain additional matter at least equal 
to that of the original MSS. This will cause delay in issuing the 
Bibliography, but will greatly enhance its value. 


The Spring Meeting was held in Leeds on Thursday, March 7th, 
the morning excursion being well attended. The evening meeting was 
held in the Department of Geology at the University, and after the 
completion of the formal business Mr. A. Gilligan, F.G.S., introduced 
a discussion on “ The Origin of the Millstone Grit,” illustrating his 
remarks with lantern slides and rock specimens. The specimens 
included angular fragments of various types of rocks. A keen dis- 
cussion followed, Prof. Kendall, Dr. Wilmore and Messrs. W. Simpson 
and Cosmo Johns taking part. The meeting then adjourned to the 
Geological Laboratory where specimens further illustrating the origin 
of the Millstone Grit were displayed. A suite of Antarctic rock speci- 
mens was exhibited, and a working model illustrating delta formation 
proved very interesting. 


The Easter meeting was held in Appleby. Owing to the coal 
strike having impeded the train service, considerable difficulty was 
experienced by members in reaching the place of meeting, and under 
the circumstances the attendance, which included Mr. Alfred Harker, 
the President, was very encouraging. The field excursions were 
conducted by Prof. Kendall and covered the chief geological features 
of the district. The formal business meeting was held in the Tufton 
Arms Hotel on Saturday, April 6th, and resumed on Monday, April 
8th, when Prof. Kendall introduced the question of the relationship 
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of the Red Conglomerate of the district to the Carboniferous Limestone. 
This caused a most interesting discussion and though several present 
were of opinion that these beds should be considered as the base of the 
Carboniferous, the evidence brought forward by others who had worked 
at the Carboniferous rocks poimted rather to the existence in the 
district of beds of Tournaisian age, with a quartz pebble conglomerate, 
containing marine fossils at their base, and resting on red conglomerate 
lithologically similar to Upper Old Red Sandstone. This was followed 
by a criticism of the suggested inversion of the Keisley Limestone which 
gave rise to an unexpectedly vigorous discussion. Opinions were 
evenly divided, and the meeting terminated at a late hour with a 
cordial vote of thanks to Prof. Kendall. 


The third excursion was to Robin Hood’s Bay on Friday, June 
21st and following days. Under the leadership of Prof. Kendall the 
coast sections down to the Peak Fault were examined, and the last 
day was devoted to the inland drift topography. The meeting was 
held in the Victoria Hotel on Friday, June 21st when a discussion 
on some of the local geological problems took place. 


A fourth excursion for the study of the geology of Masham was 
made on Friday, September 20th and following days, under the leader- 
ship of Mr. W.S. Bisat. The general meeting was held in the Unicorn 
Hotel, Ripon, Mr. J. W. Sutcliffe occupying the chair, when Mr. Bisat 
read a paper on the “ Faunal Sequence of the Millstone Grit Series of 
Masham.” Maps, sections and specimens illustrating the paper 
were exhibited, and an interesting discussion followed. 


At the Annual Meeting held in the Grosvenor Hotel, Hull, on 
Thursday, November 20th, Mr. Alfred Harker, F.R.S., was re-elected 
President and afterwards delivered an address on “‘ Geology in Relation 
to the Exact Sciences.” 


It was decided that the excursions for 1913 should be held at :— 
Buxton (Easter). 
Market WEIGHTON (Whitsuntide). 
STOKESLEY (August). 


Owing to the absence of the Hon. Secretary abroad, the Hon. 
Treasurer Mr. J. E. Wilson acted as Secretary of the Annual Meeting. 


C. J. 
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Though there was an average attendance of members at the 
various meetings and excursions of the Society, the number of new 
members elected during recent years is less than should be the case. 
This is to be regretted since some members, whose researches and 
contributions to the work of the Society have played such an important 
part in its progress, are finding it increasingly difficult to attend its meet- 
ings. The decrease in membership, though not serious, is sufficiently 
evident to warrant attention being called to the fact. The increase 
in the facilities for geographical study and the remarkable develop- 
ment of coal-mining in the County encourage the hope that a larger 
increase of membership may be looked for in the future. The 
publication of the Bibliography of Yorkshire Geology has been delayed 
partly owing to the illness of its editor, Mr. T. Sheppard, and partly 
for the reasons given in the 1912 Report. 


The opening meeting was held in Leeds, as usual, on Thursday, 
March 6th, the morning excursion being well attended. The evening 
meeting was held in the Geographical Department at the University. 
Mr. W. Cash, who was voted to the chair, referred to his long connection 
with the Society and his keen interest in the subjects that were to be 
discussed that evening. Mr. J. J. Burton, F.G.S., communicated a 
report on the present status of paleobotanical research in N.E. York- 
shire, and laid specimens on the table from the recently discovered 
plant-beds in inland localities in rocks of Jurassic age. Prof. Kendall 
and the Hon. Secretary referred to the importance of the new discoveries 
and to the fortunate circumstance that a geologist with the local 
knowledge and influence of Mr. Burton was the secretary of the Com- 
mittee that is carrying on the researches. Professor Kendall introduced 
the question of the “‘ Origin of coal,’ and reviewed the various theories 
that had been put forward. An animated discussion followed in 
which Messrs, Fennell, Hawkesworth, Gilligan, the Hon. Secretary 
and others took part. 


The Easter excursion to Buxton, owing to the inclement weather 
and Kaster falling very early, attracted a smaller number than usual. 
Some successful excursions were made and the chief geological fea- 
tures of this interesting district were visited. The evening meeting 
was held in the George Hotel, Buxton, on Saturday, March 22nd, 
Dr. Bowman taking the chair. After the formal business had been 
completed Mr. R. G. Carruthers of the Geological Society of Scotland 
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described the occurrence of what are called “‘ Burnt Oil Shales,” in 
the oil shale region of Scotland. 


The Whitsuntide meeting was held at Market Weighton, the 
excursions being under the leadership of Prof. Kendall and Mr. 
J. W. Stather. The general meeting was held in the Londesborough 
Hotel, Market Weighton, on Saturday, May 10th. After the formal 
business a discussion on “* The geological problems affecting the pro- 
posed Humber Tunnel” took place, in which Prof. Kendall, 
Messrs, Stather, McTurk, Williams and the Hon. Sec. took part. 
The discussion aroused considerable interest, the principal Yorkshire 
papers being represented. 

The attendance at the Stokesley meeting was affected by the 
difficulty members experienced in securing accommodation. Under 
Mr. Burton’s leadership a number of interesting excursions were made 
including one to the important Jurassic plant beds from which valuable 
material had been obtained. As the members were dispersed in: 
several villages through the difficulty in securing accommodation, it 
was not convenient to hold a general meeting. 


The Annual Meeting was held in the Grand Hotel, Huddersfield, 
on Thursday, November 20th, when it was announced that the excur- 
sions for 1914 would be held as follows :— 

CRAVEN District (Kaster). 
SHEFFIELD (June). 
Turrsk (September). 


Mr. R. H. Tiddeman was unanimously elected President for 1914. 
The retiring Hon. Secretary, Mr. Cosmo Johns, was thanked for his 
services and Mr. A. Gilligan, B.Sc., F.G.S., the University, Leeds, was 
appointed in his place. Mr. Alfred Harker, the retiring President, 
delivered an address on “Some Features of Canadian Geology.” Mr. 
Harker was warmly thanked for his services during two years as 
President and for his address. The following papers were read and 
discussed :— 

‘* Joints and their Relation to Folding,” by Prof. Kendall. 

“The Millstone Grit Series of Masham,” by W. Bisat, Esq. 

‘A New Carboniferous Nautiloid,’ by Dr. Wheelton Hind. 

‘The Analysis of Ilkley Spa Water,” by B. A. Burrell, Esq., F.I.C. 

Prof. W. G. Fearnsides, the newly appointed Sorby Professor of 
Geology at Sheffield University, was elected Local Secretary for 


Sheffield. 
C. J: 
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Peo EE DINGS 


OF THE 


YORKSHIRE GEOLOGICAL SOCIETY. 


Epitep By W. LOWER CARTER, M.A., F.G:S. 


1916. 


THE KNOLL REGION OF CLITHEROE, BOWLAND AND CRAVEN. 


A NOTE BY (THE LATE) ARTHUR VAUGHAN, M.A., D.SC., F.G.S. 
(READ JUNE 24TH, 1915). 


Part of this region, to wit, Slaidburn in Bowland, was the venue 
of the Yorkshire Geological Society in Easter, 1915, and, by the kind 
invitation of the President and the courtesy of the Society, I was 
fortunate to participate in the visit. This excursion was directed 
by the President, Mr. R. H. Tiddeman, with the purpose of examining 
the Carboniferous Rocks which he had surveyed some forty years 
previously. The result went to confirm the impression that I had 
obtained, on former visits to other parts of the Knoll Region, that 
geologists were insufficiently acquainted with the information that 
had already been acquired, both with regard to the sequence and 
correlation of the rocks, and with regard to the important and broad 
conclusions which had been deduced from the mapping. I need, 
therefore, scarcely apologise for the publication of this brief summary 
which in so far as it concerns Mr. Tiddeman’s work, has been mainly 
extracted from the Report of the International Geological Congress 
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of 1888 (London), pp. 315-325*. I have also availed myself of the 
information contained in sheet 92 8.W. (Clitheroe) 1873, and in the 
Geological Survey Memoir which deals with the Burnley Coal Field, 
1875. 

Commencing with the SEQUENCE of Carboniferous Rocks in the 
Knoll Region, we may make our remarks under the three main heads :— 


(1) The lithological sequence of Tiddeman. 
(2) Its correlation with the Avonian Time-scale of Vaughan. 
(5) The Pendleside of Hind and Howe. 


(1) The Lnthological Sequence (R. H. T.) 
(Millstone Grit 


(Bowland Shales ae ... 300-1000 feet. 

Pendleside Grit ee ... Inconstant. 

( Pendleside Limestone ... 0-500 feet. 

\ Shales-with-Limestone ... 2500 feet [maximum]. 
Clitheroe Limestone ... 0290 teet exposed (base not 


reached.) 


N.B.—The Pendleside Limestone on Pendle Hill is a capping 
of cherty limestones, at the top of the Shales-with-Limestone, whose 
thickness is very variable. 


In the 8. Craven Area (Malham, Swinden ete.,) the Pendleside 
Limestone is represented by some 600 feet of white knoll-limestone. 


The Clitheroe Limestone is composed of two distinct, but nearly 
equal, divisions :— 

Upper: The White Knoll-Limestone of the Clitheroe Knolls 
{ Warsaw, etc.) 


Lower: The Black Limestone (with shales) of Chatburn. 


Hence we see that Mr. Tiddeman recognised knolls at two distinct 
levels, separated by some 2000 feet of Shales-with-Limestone. (He 
did not definitely state that the knolls were unconformable to the 


* Dr. J. E. Marr was joint leader of the International Excursion 
to W. Yorkshire with Mr. Tiddeman in 1888, but the portions of the 
report with which we are here directly concerned, are all signed R. H. 
T. (The leader’s account is, of course, translated into French—appar- 
ently very faithfully). 
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Shales-with-Limestone, aithough he seems often to imply it; recent 
work points to a considerable interval between the highest of the 
Clitheroe knolls and the shales which succeed it). 


(2) Correlation with the Avonian Zones. 


BOWLAND SHALES. 


Although these shales form a continuous and striking lithological 
feature throughout the knoll region, the basal beds are not of precisely 
the same age at all points of the region :— 


On Pendle Hill, they contain Glyphioceros bilingue and are the 
true base of the Millstone Grit (and therefore post “‘ Pendleside”’ of 
Hind and Howe). 


In §. Craven (Thorpe, Cracoe, etc. near Grassington) the basal beds 
of the shales which wrap round the knolls contain Posidonomya bechert 
and Glyphioceras reticulatum, and are of “ P’ age. 


In Bowland itself—the area which must decide the meaning of 
the term—we unfortunately do not yet know the age of the base of the 
Bowland Shales. 


PENDLESIDE GRIT. 


The time value of this division can only be determined from the 
ages of the fossiliferous beds above and below; as shown below, the 
date will therefore, on Pendle Hill, be ‘ P’® of Hind and Howe. 


PENDLESIDE LIMESTONE. 
(The upper part of the Shales-with- Limestone). 


Recent views are in accord with Mr. Tiddeman’s correlation of 
the top of the Shales-with-Limestone (i.e., the Pendleside Limestone) 
on Pendle Hill, with the knolls of S. Craven. The relation is that of 
Cyathaxonia-beds to knoll] limestones and can be accurately compared 
with the same correlation in the Midland Province (e.g., The Tissington 
Cyathaxonia-Beds with the Thorpe Cloud Knoll). The very inad- 
equate collecting that has as yet been done at this important level, 
suggests that it lies in the zone of Glyphioceras (Sphenoceras) striatum 
and, therefore, immediately under ‘ P.’ 
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SHALES-WITH-LIMESTONE. 


These beds are characterised throughout by Glyphioceras (Sphen- 
oceras) crenistria and Prolecanites compressus and, especially in the 
upper portion, by Cyathaxonia rushiana and rare Zaphrentes. 


On Pendleside, they contain abundant Prolecanites at the base 
and frequent Cyathaxonia and Sphenoceras* in the Pendleside Limestone 
which caps the series at Phynis, close to the top of the limestone- 
massif of Slaidburn, a considerable collection was made by the members 
of the Yorkshire Geological Society during our recent visit, from 
the base of the Shales-with-Limestone. The result was to definitely 
fix the level as D 2-3 of Gower (S. W. Province), the facies being that of 
the Oystermouth “ Black-Lias” Quarry, near Mumbles. Other 
localities (Croasdale etc.) near Slaidburn, confirmed this general 
conclusion, viz :—that the Shales-with-Limestone are upper D in age 
and under P. 


CLITHEROE KNOLLS. 


These were all included together by Mr. Tiddeman in the upper 
division of the Clitheroe Limestone ; there are, however, two distinct 
lines of knolls at two distinct levels, viz. :-— 


A lower line (Pimlico to Downham) of Waulsortian (Mid-Avonian) 
age included within the zone of Productus sublevis and itself contain- 
ing fossils of St. Doulagh (Dublin) facies and a higher line (Salt Hill, 
Warsaw, Twiston) of Viséan age. The level attained is variable in 
the several knolls (for example, low 8 in Salt Hill) but in my opinion, 
never reaches D2. 


In Bowland, the Ashknott Knoll has yielded the most advanced 
Brachiopods, but, even here, forms common in D2 are infrequent. By 
kind permission of Mr. King Wilkinson, we collected from the large 
Dunnow Knoll, near Slaidburn ; and, to the generosity of Miss Peel 
of Knowlmere, I am indebted for an exhaustive collection from the 
Knowlmere Quarries. The Brachiopods from both these localities 
contain very few characteristically D forms and suggest for them a 
level somewhere in §, near that of the Upper line of Clitheroe knolls. 


* Sphenoceras is a sub-division of Glyphioceras, and includes 
Goniatites sphericus, G. crenistria, and G, striatus. 
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The CHATBURN BLACK LIMESTONES. 


The Bold Venture Quarries are definitely of C1 age by the admix- 
ture of small simple Zaphrentes with gigantoid Caninie. The black 
shales and limestones are capped by typical lamznosa-Dolomites with 
large Chonetes cf. comoides and, finally, by the invasion of Productus 
sublevis. 


Behind and below these quarries is a series of limestones, with 
thinner shale partings, which are very poorly fossiliferous ; comparison 
with the N. W. Province, remembering the more southerly lie of the 
Chatburn beds, suggests that the whole series belongs to C1, and, 
furthermore, that the base of the Carboniferous does not lie far below 
the lowest exposure. 


The Sectional Diagram (Plate VII.) illustrates the general features 
of the sequence from west of Chatburn to the western flank of 
Pendle Hill; it is not an actual section, but merely elucidates the above 
description. 


(3) The “ Pendleside Series” of Hind and Howe. 


In the original paper by Dr. Wheelton Hind and Mr. J. A. Howe 
(Q.J.GS., Vol. lvii (1901), p. 347 et seqq.) this series was defined as 
lying between the Millstone Grit and the “ Limestone-Massif” on 
the side of Pendle Hill, and the name was chosen for the very reason 
that Mr. Tiddeman had already employed the terms Pendleside 
Limestone and Pendleside Grit, both of which were recognised as 
falling within the new “ Pendleside Series.” 


Very few fossils were cited from Pendle itself beyond Prolecanites 
compressus near the base of the Shales-with-Limestone, and Glyphioceras 
( Beyrichoceras) reticulatum from, the shales between the Pendleside 
Limestone and the Pendleside Grit. 


As already stated, Glyphioceras (Sphenoceras) striatum has also 
been recorded from the top of the Pendleside Limestone. 


The zoning of the “ Pendleside Series”? has been carried out 
elsewhere (Midlands, Ireland, etc.) and must now be re-correlated 
with the name-area. 


In Brit. Assoc. Rept., York (1906), p. 311, the zonal sequence 
of the “ Pendleside”’ is given by Dr. (now Col.) Wheelton Hind— 
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MILLsTONE Grit (Zone of G. bilingue). 


Zone of G. spirale. 
‘Zone of G. reticulatum. 
‘Zone for maximum] of Posidonomya becheri. 

| (This is, par excellence, the Pendleside Shales). 


I Zone of Prolecanites compressus.* 


PENDLESIDE 
SERIES. 


(Emended Hind) 


NOTES. 


On Pendle Hill, the Bowland Shales are crowded with G. bilingue ; 
this division therefore, belongs to the Millstone Grit and is above 
the “ Pendleside’”’ of Hind. 


The zone of Prolecanites compressus was erroneously taken to 
include the whole of the Shales-with-Limestone together with much 
of the capping of Pendleside Limestone. These beds are mainly of 
D2-3 age and correspond to the Cyathazonia phase, which so frequently 
replaces laterally the top of the Limestone-Massiff. They underlie 
the typical Pendleside Shales. 


Hence the “ Pendleside Series ” of Hind is approximately included 
between the base of the Pendleside Limestone and the top of the 
Pendleside Grit and the employment of the term ‘“‘ Pendleside Series ”” 
seems to be completely justified. 


We can now fully appreciate the two vital teachings of the knoll 
regions which Mr. Tiddeman so lucidly expounded and so unswervingly 


maintained :— 
First Theory: The constitution and origin of the Knolls. 


Second Theory : The early working of the Craven Faulis, deduced 
from the wide phasal differences on the two sides of the Fault-belt. 


* The index fossil is characteristic of the top of the Limestone- 
Massif near Cork, from which locality the type specimens were derived. 


7 As already pointed out, the Clitheroe Knolls are not of the age. 
implied by ‘* top of the Limestone-Massif ’’ but are considerably older ; 
the term would aptly apply to the knolls of 8. Craven. 


\ 
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FIRST THEORY—The KANOLLS. 


The characters of knolls are now well understood by their study 
in many formations and in many localities; especially is this the 
case for the Carboniferous (Waulsortian) knolls in the Dinant Area ~ 
of Belgium, where examples are perfectly dissected by the gorge of the 
Meuse. 


At the time, however, at which Mr. Tiddeman was working, such 
knolls as those of Clitheroe were practically unknown to English geolog- 
ists, and their proximity to the great Craven Faults suggested a common 
tectonic cause. Mr. Tiddeman maintained however, that the knolls 
were nothing more than discrete heaps on the sea floor which rose above 
the surrounding sediments (if any) to near the water surface in the form 
of reefs—‘‘ knoll-reefs ’’* 


It will be sufficient to point out here the fundamental characters 
of knolls which Mr. Tiddeman succeeded in unravelling. 


(i) The brecciated and calcite-veined nature of the rock. 


(ii) The persistance of the ‘ dip of the country ’ through a dissected 
knoll as seen in the Clitheroe quarries—however much it may be 
obscured by the nature of tlie knoll material. 


(i) The final roofing-over of a knoll by a dome-like layer of beds 
caused by the return of continuous deposition over the whole floor. 
Owing to this phenomenon, the outer layer ot a knoll usually exhibits 
that qua-qua-versal dip upon which Mr. Tiddeman insisted and which 
is so well brought-out by the detailed mapping. 


In the case of the Clitheroe knolls, the qua-qua-versal dip of the 
outermost beds is well shown at the eastern end of Warsaw. [Examples 
of this phenomenon are splendidly exhibited in the Belgian knolls 
near Waulsort, where they are cut through by the Meuse]. 


(iv) The deep-water character of the phase; this he deduces 
from the abnormal thickness of the deposits (see below). 


We now know that the knoll phase always lies outside—that is, 


* Although the Congress Report, cited above, speaks twice of 
Coral Reefs, this is an error of translation ; Mr. Tiddeman held that 
a knoll was a mere accumulation and not a récif construit. 
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on the seaward side ofi—the standard* and shallow-water deposits 
(dolomite, oolite, etc.) 


There is in fact only one fundamental character of Knoll deposits 
which Mr. Tiddeman failed to record, yiz. :— 


The Knoll phase is marked by a definite assemblage of long-lived 
forms, by which it can at once be detected ; indeed, so insistent is 
the faunal evidence of conditions that, without careful work, the 
evidence of age and province can easily be overlooked. It is sufficient 
to set side by side a random collection of Brachiopods from the Pimlico, 
Salt-Hill and Cracoe Knolls—i.e. from knoll deposits of three distinct 
ages, Cl, S and D2—to appreciate the existence of a “ knoll facies.” 
‘The demonstration of such a facies disproves the possible dependence 
of knoll structure upon subsequent crust movement as has been 
suggested. 


Second Theory.—The distinctness of the deposits North and 
South of the Fault-belt and the deduction that deposition and faulting 
were synchronous. 


The two fundamental facts upon which Mr. Tiddeman bases this 
statement are :-— 


(i) The much greater thickness of deposit, during any selected 
interval, on the South side of the Faults (i.e., in the Knoll Region) 
than on the North side (i.e. in the Yoredale Region.) 


(ii) The absence of the knoll facies to the North of the Craven 
Faults. 


In proof of (i.), Mr. Tiddeman sets out the following correlation :— 


North of Fault-belt. South of Fault-belt. 
(Yoredale Region of Ingleboro’). (Knoll Region of Clitheroe). 


* i.e., encrinital limestones and shales with Brachiopods—in this 
connection, see E. E. L. Dixon in ‘ Gower’ paper, Q.J.G.S., vol. 67 
(1911), pp. 332 et seqq., from which I have freely borrowed. 
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MILLSTONE GRIT. 


| 


Yoredales, 400'-900’. | Bowland Shales. 


| Shales-with- Limestone 


(including Pendleside | 3000/ 


Limestone at top). 
Clitheroe Limestone | 

: Clitheroe Knolls! _._., 

: +3250 

es Black Chatburn | mai 


Limestone 


top of Great Scar), 400’-800’. | 


Carboniferous Limestone (up to } 
4 
} 
; 


Base of CARBONIFEROUS LIMESTONE. 


He points to the enormous difference :—some 800 feet in the 
North deposited at the same time as 6000 feet to the South (taking 
only the Carb. Limestone). Certain modifications are, however, 
necessary in order to obtain a correct comparison, and it will be more 
convincing if we take maxima North of the Faults and minima on 


the South. 


(a) It is not at all probable that the Yoredales are entirely above 
the Pendleside Limestone; hence, to obtain a maximum, we assume 
that the top of the Yoredales corresponds to the top of the Pendleside 
Limestone. 


(b) The base of the Carboniferous Limestone of Ingleborough is 
of C-S age and therefore above not only the Black Limestone, but also 
above the lower line of Clitheroe knolls (Pimlico-Downham) ; hence, 
the only part of the Clitheroe Limestone we can take account of in 
this comparison is the upper line of knolls (Salt-Hill, Warsaw, etc.)—say 
1500 feet. 


(c) The estimated thickness of the Shales-with-Limestone may 
be reduced to 2000 feet as a minimum. 


On the other hand, there is undoubtedly an unconformity between 
the Knolls and the Shales-with-Limestone which would considerably 
increase the estimate—this we entirely omit. 


Hence :— Minimum thickness S. of Faults 53500 feet. 
Maximum thickness N. of Faults 1700 feet. 
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(The period being the same in both cases, viz. the Viséan or Upper 
Avonian). The conclusion that there is a great and sudden change of 
thickness at the fault-belt remains therefore quite as obvious as was 
originally pointed out by Mr. Tiddeman. Furthermore, it is difficult 
to conceive how this progressive increase of depth-difference on the 
two sides of the fault-belt could have been brought about, except by 
tbe depression of the Southern Region relatively faster than that of 
the North ; in other words, by the initiation and working of the Craven 


faults already in Lower Carboniferous-time.) 


CONCLUSION. 


Although the large Knoll Region of Clitheroe, Bowland and Craven 
has yet many secrets to yield up, it is to Mr. Tiddeman that we owe 
the firm foundation of our knowledge. 


With the help of Prof. E. J. Garwood’s valuable description of 
the .N. W. Province, we shall find it easy to extend the correlation 
in that direction. 


To recent work we owe the fact that the broad datum-lines 
of the time scale are now firmly established. There is however, all 
the detailed paleontology yet to do, and, for this purpose, collecting 
must be thorough and unsparing. It is therefore to local workers 
that we look for further progress and in particular to Dr. A. Wilmore, 
_ of Colne, who has already commenced a detailed zonal survey of the 
whole region West and North of Pendle. 


For my knowledge of the district, I am largely indebted to Dr. 
Wilmore’s ready assistance on the occasions of my short visits; but 
above all to the demonstration and explanation of Mr. R. H. Tiddeman, 
my long-time friend and ever kind instructor, to whose inspiration 
this brief note owes whatsoever it posseses of use or merit. 


[We much regret to record that before this paper was printed, 
the talented author died prematurely. His loss is a great one to 
geology in general, and to Yorkshire geology in particular].—Ep. 


Dp] 


ON PTEROMYA CROWCOMBEIA MOORE AND SOME SPECIES OF PLEUROMYA 
AND VOLSELLA FROM THE RHATIC AND LOWER LIAS. 


BY L. RICHARDSON, F.R.S.E. AND J. W. TUTCHER. 


[Plates VIII. and [X.] 


For a number of years past we have been engaged in studying the 
Rheetic and basal Lower-Lias deposits of Gloucestershire and Somerset. 
In the course of our investigations we have collected many specimens 
of Pleuromya and Volsella. Of these some could be readily identified 
with already-described and figured forms, but of the others, some 
appeared to be undescribed and others to be known by names that 
obviously required investigation. 


The present paper is the result of our examination of the specimens 
we have collected. 


THE GENUS PTEROMYA MOORE. 


This genus was created by Charles Moore for the reception of such 
inequivalve Myade as his species crowcombeia.* It does not appear to 
have been generally accepted, but as he created the genus, and as the 
feature upon which he mainly founded it, namely, the inequality of 
the valves, is very distinctive, we are of opinion that it ought to be 
used. 


PTEROMYA CROWCOMBEIA MOORE. 
Plate VIII., figs. la, 6, and 2. 


1861. Quart. Journ. Geol. Soc., Vol. XVII., p. 506, plate xv., 
figs. 22 and 23. 


Remarks.—Moore’s type came from the Flinty Bed of Beer Crow- 
combe, which is equivalent to the Plewrophorus-Bed of Blue Anchor.t 
Typical specimens, however, have only been found in abundance—and 
in great abundance—in bed 21 at Blue Anchor.t 


Moore, in his description, refers to the posterior ridge and area on 
the left valve, but when describing the right valve—whilst commenting 


* Quart. Journ. Gel. Soc., Vol. XVII. (1861), p. 505. 
T Quart. Journ. Geol. Soc., Vol. LXVIT. (1911), p. 17. 
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on the absence of these features—makes no mention of the curiously 
“thickened ” margin and recurved posterior portions of the valve 
(see plate VIII., fig. 2). On the left valve the ribbing ends abruptly 
at the ridge (fig. 1b), but on the right valve it is continuous to the 
“thickened ” margin. The test is extremely thin. On young forms 
the ribbing is very pronounced and regular, and the presence or absence 
of the thin test does not affect these features on the cast. On the other 
hand, on older specimens the ribbing on the later-added portion of the 
shell is much less pronounced. 


PLEUROMYA TATEI nom. nov. 


Plate VIII., figs. 3a, 6, and_c. 


1871. Myacites musculoides, Geol. Surv., Phillips, Geology of Oxford, 
p. 107, plate vii., fig. 36. 


1876. ‘Tate and Blake, The Yorkshire Lias, p. 406, plate xii., fig. 10. 


Remarks.—The form to which Tate applied the specific name of 
crowcombeia 1s common in and characteristic of the Plewromya-Beds 
(the lower portion of the Ostrea-Beds auctt.) of the Lower Lias over a 
wide area, indeed from, Yorkshire to the Dorset coast. 


In Moore’s Pteromya crowcombeia the valves are dissimilar: im 
Pleuromya tatei they are similar. The ornamentation of both valves 
of the latter species is similar to that of the left valve only of the 
former. In addition to this difference the Lower-Lias shell is very 
much larger. As in the case of the left valve of the Rheetic shell, the 
ribbing on both valves of the Lower-Lias shell terminates at the 
posterior ridge, beyond which is a narrow smooth area. 


Associated with the above-described typical form of Pleuromya 
tate’ are specimens (var. altior nov.) differing therefrom in having 
more central umbones, a stronger posteriorly reflected margin and a 
less defined ridge (plate VIII., fig. 4). In spite of these differences we 
do not consider it desirable to separate this form specifically from the 
above. 


In the Langport Beds or White Lias proper, the Pleuromya that 
is commonest resembles in shape Plewromya tater var. altior. A con- 
siderable number of specimens has been examined, but in no case has 
any indication of ribs been observed. This may be due to the condition 
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of preservation, but we consider it desirable to draw attention to the 
fact, and tentatively distinguish it as a variety—var. langportensis. 


Tate refers to a specimen from the White Lias of Somerset in the 
Bath Museum, “named Pteromya crowcombeia by the author of the 
species else,” he continues, “ I should not have assigned our [ Yorkshire | 
specimen to it.”’* Tate’s doubts were quite justified, for whereas the 
valves of Pteromya crowcombeia from the Pteria-contorta-Beds are 
dissimilar, those of the shells from the White Lias are similar, as is the 
case with the species from the Plewromya-Beds. 


The specimen from Yorkshire figured by Tate is a small example 
of Plewromya tater. Associated with it, he states, are larger forms, 
which he suggests may be adult specimens. He draws attention to 
their close resemblance to Ceromya infra-liassica Peters, but our 
specimens do not agree with Peters’ figure.t Possibly Tate’s forms 
are our variety altior. 


VOLSELLA{ HILLANA (J. SOWERBY). 
Plate IX., fig. 1. 
1818. Mineral Conchology, Vol. III., p. 19. plate 212, fig. 2. 


REMARKS.—Sowerby’s type came from “ Pickeridge Hill, near 
Roundsford Park, Taunton.” We figure a particularly fine specimen 
from the Plewromya-Beds of the same locality. 


As will be seen on reference to the figures of Volsella levis (J. 
Sowerby) (Min. Conch., plate 212, fig. 2), and of this species (plate 
IX., fig. 5 of this paper), the latter is usually twice as large as an 
average-sized specimen of the former, and the anterior margin is 
practically straight. 


Volsella hillana (J. Sowerby) is very closely related to, and prob- 
ably the same as, V. glabrata (Dunker). § 


* The Yorkshire Lias, p. 406. 

~ Von Karl F. Peters Uber den Lias von Fiinfkirchen (1863), 
tab. 1, figs. 1-3. 

t =Modiola. 

§ ‘““Ueber die in dem Lias Halberstadt vorkommenden Ver- 
steinerungen,”’ Palwontographica, t. I., p. 39, tab. 1, fig. 17. 
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VOLSELLA HILLANOIDES (CHAPUIS AND DEWALQUE). 
Plate IX., figs. 8a and Db. 


1855. Chapuis and Dewalque, Description des Fossiles des Terrains 
Secondaires de la Province de Luxembourg, p. 185, plate xxv., fig. 3. 


Remarks.—This is the characteristic Volsella of the lower Angu- 
lata-Beds (Hemera marmorew) of Kngland. Chapuis and Dewalque’s 
type came from about the same horizon at Muno. 


We agree with Tate* in regarding Volsella psilonoti (Quenstedt)ft 
as a synonym of Volsella hillanoides (Chap. and Dew.) 


VOLSELLA LEVIS (J. SOWERBY). 
Plate IX... fig. 5. 
1812. Mineral Conchology, Vol. I., p. 30, plate 8. 


ara 


‘gathered in the ruins of Caer- 
philly Castle,” near Cardiff, probably from Lower-Lias limestone 
belonging to the Plewromya-Beds. 

Mature specimens of this species are readily distinguished from 
Volsella minima (J. Sowerby) (see plate IX., figs. 2 and 3, of this 
paper), by their more mytiliform aspect. 

All our specimens were obtained from the Plewromya-Beds, and 
are particularly abundant in the neighbourhood of Bristol. 


REMARKS.—Sowerby’s type was 


VOLSELLA LANGPORTENSIS sp. Nov. 
Plate IX., figs 7 and lla and b. 


Type-descrvption.—Shell rather more than twice as long as 
high ; inferior margin slightly arcuate ; hinge-line straight and 
about half the length of the shell; margin from the end of the 
hinge-line to the posterior end shghtly convex, then sharply 
curved to the inferior border; keel well marked, dividing the 
valves into two almost equal portions ; anterior lobes prominent. 

Var. angustiformis, var. nov. (fig. 12).—Differs in beng a 
narrower shell with a shorter hinge-line, more anteriorly-directed 
umbo, smaller lobe, and less distinct keel. 

Var. erecta nov. (figs. 9 and 10).—More cylindrical in form, 
straighter, with a very short hinge-line. 


Remarks.—In the Langport Beds or White Lias proper are a 
number of fair-sized Volselle which have been recorded frequently 


* The Yorkshire Inas (187), p. 377. 
| Der Jura (1858), p. 48, tab. 4, fig. 13. 
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under the name of “‘ Modiola minima Moore.” Through the kindness 
of the Rev. H. H. Winwood, of Bath, we have been able to examine 
the specimen from the * Flinty Bed ”’ of Beer Crowcombe figured by 
Moore as ** Modiola minima Sowerby.”* Under this name Moore also 
recorded the form from the Langport Beds, which we have named 
“ Volsella langportensis.’ The specimens from neither the * Flinty 
Bed” nor the Langport Beds, however, are Volsella minima (J. 
Sowerby). 

The form that we have selected as the type of Volsella langport- 
ensis is that which is most individually numerous. Certain variations, 
however, occur, The commonest variety in the Langport Beds is a 
narrower shell—var. angustiformis (vide supra), a less common one is 
a straighter shell—var. erecta (vide supra). 


VOLSELLA LIASINA (TERQUEM). 
Plate IX., fig. 6. 
1855. Terquem, Palewont. Inasique Lusem., p. 512, plate xxi., fig. 9. 


Remarks.—We have collected several examples of this species 
from the lower portion of the Angulata-Beds (hemera marmorec) in 
the Bristol district. 


VOLSELLA MINIMA (J. SOWERBY). 
Plate IX., figs. 2 and 3. 
1818. Mineral Conchology, Vol. II., p. 19, plate 210, figs. 5-7. 


Remarks.—This name has been somewhat indiscriminately 
applied. Sowerby has figured three specimens, two extremely small 
(plate 210, figs. 6 and 7), and one larger (fig. 5), which represents about 
the average size of the mature specimen. This last may be selected 
as the type. It was sent to Sowerby “from Taunton.” It may have 
been obtained from the neighbourhood of West Hatch, where specimens 
identical with that figured by Sowerby (fig. 5) are very common in 
the basal portion of the Pleuromya-Beds. 

We do not recollect having found typical specimens of Volsella 
minima (J. Sowerby) outside the Pleuwromya-Beds. 

Specimens have been procured wherever the Plewromya-Beds are 
exposed. | 


* Quart. Journ. Geol. Soc.,. Vol. XVII. (1861), p. 505, pl. xv., figs. 
26 and 27. 
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VOLSELLA WICKESI Sp. Nov. 
Plate IX., fig. 4. 


Type description.—-Shell cylindrical, umbonal portion obtuse, 
inflated, margin straight, keel not well defined. 

ReMARKS.—This form—which we name after Mr. W. H. Wickes, 
of Bristol, who was the first to publish an account of the Rhetic and 
Lower-Lias sections of Redland,* whence the type specimen of this 
species came—is readily distinguished from other Volselle from the 
Pleuromya-Beds by its obtuse inflated umbonal region, straight anterior 
margin and the indefiniteness of its keel. It is not common and 

appears to be confined to the Plewromya-Beds. 


EXPLANATION OF PLATES. 
. Plate VIII. 


Figs. la, b, c, and 2..-Pteromya crowcombeia Moore. (See p. 51.) 
la=Left valve, nat. size ; 16 enlarged ( x 2); 2 right valves ( x 2.) 
Horizon.—Pteria-contorta or Lilstock Beds. Rheetic. 
Locality.— Blue Anchor, near Watchet, Somerset. 
Collection.—L. Richardson. 


Figs. 3a, b, and c.—Pleuromya tatei nom. nov. (Nat. size.) (See p. 52.) 
3a=—right valve ; 3b umbonal view of the same valve; 3c=left 
valve. 
Horizon.—Pleuromya-Beds. Lower Lias. 
Locality.—(3a and b) West Hatch, near Taunton, Somerset ; (3c) 
Aust Cliff, near Bristol. 
Collection.—J. W. Tutcher. 


Fig. 4.—-Pleuromya tatei nom. nov. var. altior nov. (Nat. size.) (See 
P2022) 
Horizon.—Pleuromya-Beds. Lower Lias. 
Locality.— Filton, near Bristol. 
Collection.—J. W. Tutcher. 


Fig. 5.—Pleuromya tatei nom. noy. var. langportensis nov. (Nat. size.) 
(See p. 53.) 
Horizon.—Langport Beds. 
Locality.— _ Radstock Grove, Radstock, Somerset. 
Collection.—J. W. Tutcher. 


* Proc. Bristol Nat. Soc., Vol. [X., pt. 2 (1899), pp. 99-103. 


Photo by} [.J. W. Tutcher. 


Pleromya crowcombeia Moore, and Lower Lias Pleuromyz. 


Proc. Yorks. Geol. Soc., Vol. XIX. Plate VITI. 
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Photo by) [J. W. Tutcher. 
Rheetic and Lower Lias Volselle. 


Proc. Yorks. Geol. Soc., Vol. XIX. Plate JX. , 


~ 


L. RICHARDSON AND J. W. TUTCHER: PTEROMYA CROWCOMBEIA 57 


Fig. 6.—-Piece of Pleuromya-Bed limestone with Pleuromya tatei to 
show the abundance in which specimens occur at this horizon. 
(Three-quarters nat. size.) 

Locality.—West Hatch, near Taunton, Somerset. 


Collection.—J. W. Tutcher. 


Plate IX. 


Fig. 1.—Volsella hillana (J. Sowerby). (See p. 53.) 
Horizon.—Pleuromya-Beds. Lower Lias. 
Locality.—Pickeridge Hill, near Taunton. 
Collection.—L. Richardson. 


Figs. 2 and 3.—Volsella minima (J. Sowerby). «(See p. 55.) 
Horizon.—Pleuromya-Beds. Lower Lias. 
Locality.—(2, mature specimen) Aust Cliff, near Bristol; (3, im- 
mature specimen) West Hatch, near Taunton. 
Collection. J. W. 'Tutcher. 


Fig. 4.—Volsella wickesi sp. nov. (See p. 56.) 
Horizon.— Pleuromya-Beds. Lower Lias. 
Locality.— Redland (*‘ New Clifton ’’), Bristol. 
Collection.—J. W. Tutcher. 


Fig. 5.—Volsella levis (J. Sowerby). (See p. 54.) 
Horizon.—Pleuromya-Beds. Lower Lias. 
Locality.—_ Redland (‘*‘ New Clifton ’’), Bristol. 
Collection.—J. W. Tutcher. 


Fig. 6.—Volsella liasina (Terquem). (See p. 55.) 
Horizon.—Angulata-Beds (hemera marmorez). Lower Lias. 
Locality.—W inford (Somerset), near Bristol. 

Collection.—J. W. Tutcher. 


Figs. 7, lla, and 6b.—Volsella langportensis sp. nov. (Nat. size.) 
(See p. 54.) 

Horizon.—Langport Beds. 

Locality.—_({\la and b) Norton Down, near Stratton-on-the-Foss, 
near Radstock, Somerset; (7) young specimen—Clan Down, 
near Radstock. 

Collection.— J. W. Tutcher. 


Figs. 8a and b.—Volsella hillanoides (Chapuis and Dewalque). (Nat. 
size.) (See p. 54.) 
Horizon.—Angulata-Beds (hemera marmorez). Lower Lias. 
Locality.—Hobbs Wall, Farmborough (Somerset), near Bristol. 
Collection.—J. W. Tutcher. 
E 
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Figs. 9 and 10.—Volsella langportensis sp. nov., var. erecta nov. (Nat. 


Fig. 


size.) (See p. 54.) 
Horizon.—Langport Beds. 
Localityx—_(9) Pinhay Bay, near Lyme Regis, Dorset ; (10) Red- 
land (‘*‘ New Clifton ’’), Bristol. 
Collection.—(9) L. Richardson ; (10) J. W. Tutcher. 


12.—Volsella langportensis sp. nov., var. angustiformis nov. 
(Nat. size.) (See p. 54.) 

Horizon.—Langport Beds. 

Locality.—Railway-cutting, Charlton Mackrell. Somerset. 

Collection.—L. Richardson. 


[ All the figures in Plate IX. are natural size. | 
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BIBLIOGRAPHY OF YORKSHIRE GEOLOGY, 1915. 
By T. SuHepparD, M.Sc., F.G:S. 


Now that the Bibliography of Yorkshire from 1534 to 1914 has 
been published, as Volume XVIII. of our Proceedings, it seems desirable 
that a Yorkshire list should appear annually in our Proceedings, in 
order that the Bibliography may be kept up-to-date. These lists 
formerly appeared in The Naturalist, but in future it is proposed only 
to print in that journal particulars of the items referring to the geology 
of the northern counties, with the exception of Yorkshire. 


At the same time it is proposed to include particulars of any items 
that may have been omitted from the list in Volume XVIII. If, 
therefore, any of our readers notice any items which ought to have 
been included, perhaps they will kindly advise me. 


1914, 


Exisworts Huntineton.—The Climatic Factor [includes pp. 265-289, 
chapter 21, by Charles Schuchert ; which is reprinted in Ann. 
Rep., Smithsonian Institution for 1914, publ. 1915, pp. 277-311 ; re- 
viewed in Geol. Mag., March, 1916, pp. 129-150]. Publications 
of the Carnegie Institute of Washington. 


1915. 


Awnon.—Radfield Quarries, including Eccleshill, Bradford, Yorks. 
Quarry, August, pp. 197-8. 

—— Dew Ponds. Naturalist, May, pp. 154-5. 

Eminent Living Geologists, Wiliam Whitehead Watts. [Briefly 

referring to his work]. Geol. Mag., Nov., pp. 481-487. 

The Heterangiums of the British Coal Measures. Heterangium 
Lomaxi. Polydesmic Heterangium [notice of Dr. D. H. Scott’s 
paper]. Naturalist, Nov., pp. 554-355. 

Quarries and River Pollution, Notes of the Royal Commission 

on Sewage Disposal. Quarry, May, pp. 109-110. 
— The Carboniferous Limestone Zones of N.E. Lancashire: An 
old Battle fought over again: origin of Recf Knolls. [Criticism 
of paper by Albert Wilmore, which see.] Naturalist, Oct., pp. 
329-331. 

Eminent Living Geologist, Aubrey Strahan, M.A., Sc.D. [ete., 
with list of memoirs], Geol. Mag., May, pp. 193-198. 
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Anon.—Catalogue of the more important Papers, especially those 
referring to Local Scientific Investigations, published by the 
Corresponding Societies during the year ending May 3lst, 1914. 
Rep. Brit. Assoc. (Australia), 1914, pp. 738-755. 

—— Sections of Coal Strata: Sinker’s Terms. Naturalist, July, 
pp. 215-216. 

—— Yorkshire (West Riding) Quarries Report. Quarry, August, 
pp. 205-4. 

—— Earth Movements in Sheffield: [notice of Prof. Fearnside’s paper]. 
Naturalist, Nov., p. 346. 

— Valuable addition to the Hull Museum, [C. 8. Middlemiss’s 

collection]. Geol. Maq., June, p. 288. 

Coast Erosion Committee [report of]. Naturalist, Jan., p. 47. 
(Reprinted in the Yorks. Nat. Union’s Fifty-third Ann. Report.) 
— Leeds Geologists. Naturalist, Feb., p. 55. 

Cleveland Naturalists: [notice of the Cleveland Society’s Tran- 
sactions]. Naturalist, March, p. 90. 

—— West Riding (Quarries Report). Quarry, April, pp. 101-2. 

—— Cone-in-Cone Structure: Prof. Bonney on Cone-in-Cone. [See 
S. R. Haselhurst]. Naturalist, April, pp. 120-121. 

—— Bradford Waterworks, No.1. Engineer, March 12th, pp. 251-254. 
No. 2, March 19th, pp. 278-80. 

—— Geologists in Bowland. Ingleborough and Bowland Limestones. 
Dew Ponds on the Yorkshire Wolds; their sites; their Con- 
struction. Naturalist, May, pp. 152-155. 

Auten, H. A.—Catalogue of Types and Figured Specimens of British 
Cretaceous Lamellibranchiata preserved in the Museum of Prac- 
tical Geology, London. Appendix 2, to Summary of Progress of 
the Geol. Survey of Great Britain and the Museum of Practical 
Geology for 1914, pp. 66-79. 

ArMsTRONG, Lestiz A.—‘‘ Carib” type of axe found in Yorkshire, 
[made of Borrowdale Ash]. Proc. Prehistoric Soc. of East Anglia, 
Vol. II., Pt. 1, pp. 59-61. See Naturalist, Jan., 1916, p. 4. 

ArnoLp, J. O.—British and German Steam Metallurgy. Oxford 
Pamphlets 1914-15, 20 pp. 

Barrow, G.—{See C. Fox-Strangways. | 

BELINFANTE, L. L.—fedited by]; Abstracts of the Proceedings of the 
Geological Society of London. Nos. 963-978, pp. 121. 
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Bett, ALFRED.—Pleistocene and later Bird Fauna of Great Britain 
and Ireland. Zoologist, Nov. pp. 401-412. 

Bonney, T. G.—On certain channels attributed to overflow streams 
from ice-dammed lakes. Cambridge, 1915, 44 pp. [See also 
Kendall in Geol. Mag., Jan., 1916, pp. 26-29, and Feb., pp. 77-81. 

BrapsHaw, C.—[See J. Holmes. ] 

BroomueaD, C. HE. N, [See R. G. Carruthers]. 

Buckman, 8. 8.—{See C. Fox-Strangways. ] 

Burton, J. J.—Coast Erosion. Proc. Cleveland Nat. Field Club, 
Vol. Ifl., part 2, for 1912-13, dated 1914 (published 1915), pp. 
89-101. 

—— Geology [of Saltburn]. Naturalist, Oct., pp. 335-337. 

—— Coast Erosion. Naturalist, April, pp. 122-124. 

—— Jurassic Ilora Committee [report of]. Naturalist, Jan., p. 46, 
(Reprinted in the Yorks. Naturalists’ Union’s Fifty-third Annual 
Report). 

— Glacial Committee [report of]. Naturalist, Jan., p. 46, (Re- 
printed in the Yorks. Nat. Union’s Fifty-third Annual Report.) 

CaRPENTER, H. C. H.—Munition Metals. Nature, July 15th, pp. 

538-41. 

Tron, Carbon and Phosphorus, [notice of J. E. Stead’s address]. 

Nature, July 17th, pp. 438-439. 

CARRUTHERS, R. G., Eastwoop, T., Witson, G. V., Pocock, R. W., 
Wray, D. A., Dewey, H.; and Broomuerap, C. E. N. Special 
Reports on the Mineral Resources of Great Britain. Vol. II. 
Barytes and Witherite. Mem. Geol. Survey, pp. iv.+93. 

Cl[arTeR], W. L.—Geology at the British Association. Nature, Oct. 
17th, pp. 157-158. 

C[ote], G. A. J.—-Recent work in Paleontology, [includes summary 
of H. Hamshaw Thomas’s paper on “‘ Jurassic Flora of Cleveland ” 
and of Ivor Thomas’s “‘ Memoir on British Carboniferous Producti ”’ 
Nature, May 27th, pp. 354-56. 

Davison, CHarLes.—EKarthquakes in Great Britain (1889-1914). 
Geograph. Journal, Nov., pp. 357-374. [See also Knowledge, Dec., 
p- 394. ] 

Dewey, H. [See R. G. Carruthers]. 

Drake, H. C_—The Ammonites of the Yorkshire Cornbrash. Nat- 
uralist, Feb., pp. 64-66. 

Eastwoop, T. [See R. G. Carruthers]. 
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Excee, F.—The Secretary’s Report for the year ending 31st March, 
1914. Proc. Cleveland Nat. Field Club, Vol. III., part 2, for 
1912-15, dated 1914 [published 1915], pp. 139-145. 

—— The Secretary’s Report for the year ending 3lst March, 1913. 
Proc. Cleveland Nat. Field Club, Vol. II., part 2, for 1912-13, 
dated 1914, [published 1915], pp. 130-137. 

Exuiort, G. F. Scorr—Prehistoric Man and his Story. London, 398 pp. 

Exzis, T. S.—On the Control of River Channels [with diagram of the 
Humber]. Proc. Cotteswold Nat. Field Clubfor1915. Vol. XIX., 
part 1, pp. 29-48. (See Notice in Naturalist. May, 1916, pp. 
148-150). 

Fawcett, C. B.—The Middle Tees and its Tributaries: a Study in 
River Development. Brit. Assoc. Leaflet. See also Naturalist, 
Oct., pp. 331-332. 

Frarnsipes, W. G.—On the Underground Contours of the Barnsley 
seam of Coal in the Yorkshire Coalfield. Geol. Mag., October, 
pp. 465-467. 

Some effects of Harth Movement on the Coal-measures of the 
Sheffield district (South Yorkshire and the Neighbouring parts 
of West Yorkshire, Derbyshire and Nottinghamshire). Part I. 
A Paper read to the Institution of Mining Engineers, p. 29. [See 
notice in Nature, August 26th, p. 709, and Naturalist, Nov., 
p. 346). 

Fox-Straneways, C. [the late] and Barrow, G.—The Geology of 
the County between Whitby and Scarborough, (2nd edition) with 
a chapter on the Paleontological classification of the local Jurassie 
rocks by 8.8. Buckman. Mem. Geol. Survey, 1915, 144 pp. [See 
Naturalisi, Jan., 1916, pp. 5-6). 

GILLIGAN, ALBERT.—Meteorites. Journal of Leeds Astronomical Soe. 
for the year 1914 (pub. 1915), pp. 20-51. 

Gorpon, H.—The Yorkshire Coast, 8vo, 64 pp. 

Gray, JosepH Wm.—Notes on the Pleistocene Geology of the Area 
around Worcester. Proc. Worcestershire Nat. Club. Vol. VI.. 
part 1, 1914, pp. 65-92. [pub. 1915], 

GREENWOOD, J. Henry; and Neweiit, ABRAHAM.— Geology [of 
Hebden Bridge]. Naturalist, Sept., pp. 294-5. 

Grecory, J. W.—Geology of To-day: A Popular Introduction in 
Simple Language. London, 528 pp. | 
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HarGreaveEs, J. A—Report on Geology [of the Scarborough district. 
Rep. Scarborough Phil. and Archeol. Soc. for 1914 (pub. 1915). 
pp. 21-22. 

Harmer, F. W.—The Pliocene Mollusca of Great Britain, [being 
supplementary to 8. V. Wood’s Monograph of the Crag Mollusca}. 
Palaont. Soc. Mon. Part 2, pp. 201-302, plates xxv.-xxx11. 
| Bridlington specimens referred to}. 

HASELHURST, SAMUEL RENNIE.—Some observations on Cone-in-Ccne 
Structure and their relation to its Ongin. Abstract in Geol. Maq.. 
Feb., pp. 92-93. Nature, Jan. 28th, p. 608. [See also Naturalis’. 
July, pp. 120-121.] 

HawkeswortH, Epwin.—Geology [of Sawley and Eavestone]. Nat- 
uralist. June, pp. 206-7. 

Hosson, B.—The Underground Flow of the Yorkshire Dee in Dentdale. 
Geol. Maq., August, p. 385. 

Hockney, W.—Excavating by Power. The Scope and Success oj 
the Steam Navvy.’ Quarry, March, Vol. XXII., No. 231, pp. 
61-65; Apmil, pp. 87-92. 

Hoimes, Joun.—Geology [of Settle]. Naturalist, August, pp. 261-2. 

Hoimes, JoHn; and BrapsHaw C.—Geological Section [of Yorks. 
Nat. Union: report of excursions to Knaresborough, Filey, Ask- 
rigg and Sleights]. Naturalist, Jan., pp. 45-46. (Reprinted in 
the Union’s Fifty-third Annual Report). 

Hoist Nris Otor.—The Ice Age in England. Geol. May., Sept.. 
pp. 418-424; Oct., pp. 454-444: Nov., pp. 504-515. 

JOHNSTONE, Mary A.—Coal Measure Plant Records [Bradford]. 
Naturalist, Jan., pp. 31-32. 

Jowett, ALBERT.—A Preliminary Note on the Glacial Geology of the 
Western Slopes of the Southern Pennines. Brit. Assoc. Leafie . 
Geol. Maq., Oct., pp. 468-469. Naturalist, Oct., pp. 328-9. 

McDonaiv, Jas. E.—How Coal was Formed. (Abstract) Reperi 
and Proc. Manchester Field Nat. and Arch. Society tor the vear 
1914, (pub. 1915}, pp. 11-12. 

Hueues, T. McKenny.—Flints [brief references to Yorkshire}. 
Cambridge Anti. Soc. Communic., No. 66, pp. 26-66. 

Martin, Epwarp A.—Problems in Coast Erosion. Trans. South- 
Eastern Union of Scientific Societies, 1914 [pub. 1915], pp. 41-56. 
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land and Wales. Local Government Beard Report, folio, 1915, 
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129-150. 
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Sotitas, W. J.—Ancient Hunters and their Modern Representatives, 
2nd edition, 591 pp. 

Spatu, L. F.—On Schlotheima greenhought. J. Sowerby, (s.p.), Geol. 
Mag., March, pp. 97-102. 
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Museum. Publication No. 77 (contains illustration of Stigmaria 

ficoides from Clayton), 66 pp. 
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Topping. Naturalist, Jan., pp. 7-13. 

—— (Secretary). The Investigation of the Jurassic Flora of York- 
shire. Rep. Brit. Assoc. (Australia) 1914, pp. 244-45. 

Some new and rare Jurassic plants from Yorkshire—the male 
flower of Wialliamsonia gigas. Abstract in Nature, March 11th, 
p. 59. | 
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Nature, Nov. 18th, p. 330]. 

—— [See G. A. J. Cole.] 
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TRECHMANN, C. T.—The Scandinavian Drift of the Durham Coast 
and the General Glaciology of South-east Durham. Quarterly 
Journal Geol. Soc., vol. LXXI., part 1, No. 281, pp. 53-82. [See 
also Knowledge, Nov., pp. 329-330. ] 

VauGHaN, ARTHUR.—Correlation of Dinantian and Avonian. Quarterly 
Journal Geol. Soc., vol. LXXI., part 1, No. 281, pp. 1-52. 

WatsH, Geo. B —Observations on some of the causes determining 
the survival and extinction of Insects, with special references 
to the Coleoptera. Entomologist’s Monthly Magazine, August 
pp 225-232; Sept., pp 257-261. 

Watts, W W —{See Anon ] 

Witmore, ALBERT —The Carboniferous Limestones Zones of Laneca- 
shire, Brit. Assoc. Leaflet. [See also Naturalist, Oct., pp. 529-351, 
and Geol. Mag., Nov., p. 521]. 

—— [See Anon]. 

Witson, G. V. [See R. G. Carruthers]. 

Witson, J. R. R.—Quarry Inspection Reports, 1914. Report on the 
Northern District (No. 2). 1—Report under the Metalliferous 
Mines Regulation Act. 2.—Report under the Quarries Act. 
Quarry, Nov., pp. 271-275. [See also Naturalist, 1916, pp. 2-5). 

WoopuHeEaD, T. W.—The Study of Plants: an Introduction to Botany 
and Plant Ecology. Ozford, cr. 8vo, 424 pp. 

—— Geology (Report on) Annual Report, Huddersfield Nat. and 
Photo. Soc. (1914-15), p. 7. 

Woopwarp, Henry.—Eminent Living Geologists. Arthur Smith 
Woodward, LL.D., F.R.S., etc. [Refers to his work among the 
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Wray, D. A.—A New Record of Glacial Drift near Wakefield : and its 
bearing on the late Glacial changes in Lower Calderdale. Natur- 
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—— [See R. G. Carruthers]. 

Prewier, C. 8. Du Ricue.—The Zonal Lake Basins of sub-Alpine 
Switzerland. [Brief reference to Yorkshire]. Geol. Mag., May, 
pp. 215-224. 

Youne, Georezr W.—The Geological History of Flying Vertebrates 
(Presidential Address) Proc. Geol. Assoc., vol. XXVI., part 4, 
pp. 229-265. 
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It has been felt for some considerable time that the enthusiasm 
which had in past years been so noticeable in the good work done 
by the Society has been waning. The records of meetings held during 
those periods when the investigation of the underground waters of 
North West Yorkshire, the glacial phenomena of the area, and the 
the earlier work upon rroblems connected with the Carboniferous 
Formation stand out in vivid contrast with those of later times. It 
is of course true that the outbreak of the present hostilities has affected 
our Society in common with all others of a like nature throughout the 
country. But this cause has only been operative during the last few 
unhappy months, and in no way explains the falling off during the last 
few years. It cannot be expected that any great improvement will be 
shown during the continuance of the war, but as soon as time and events 
are favourably conjoined it is hoped that our members will again 
continue their attack upon the problems to be found in plenty in our 
county. 


Part 1, Vol. XTX., of the Proceedings was published at the beginning 
of the year, while the Bibliography of Yorkshire Geology, commenced 
by the late C. Fox-Strangways, is being brought up-to-date by Mr. 
Sheppard, and we may expect its early publication. 


At the Council Meeting held in Leeds on March 19th, a communica- 
tion was read from the President, R. H. Tiddeman, Esq., M.A., F.G.S., 
suggesting that the time was now ripe for a Conference to be held at 
which the Glacial Geology of the North of England could be reviewed, 
and our present knowledge brought to a focus. The Council expressed 
their entire agreement with this timely suggestion, and it was decided 
to place the matter in the hands of a committee consisting of Professor 
Kendall, Messrs. Sheppard and Stather, together with the Hon. Sec. 
and Hon. Treas. to make arrangements for such a conference in the 
early Autumn, but this had to be abandoned for the present. It will, 
however, be taken up when the times permit. 


The General Spring Meeting was held in the evening of the same day 
in the Geological Dept. of the University of Leeds, and when the formal 
business had been disposed of the following papers were read :— 
“ Blow Wells of the East Riding,” by Prof. Kendall, and “The Glacia- 
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tion of Rossendale,” by Dr. A. Jowett. A discussion followed each 
paper, Messrs. Stather, Fennell, Burton and Gilligan taking part. 


An excursion to the Sedburgh District was held on May 8th-12th 
under the leadership of Prof. Kendall and Mr. W. Robinson, F.G.S. 
The weather was not altogether favourable, but the members were not 
deterred, and spent a most profitable time in examining the many 
interesting features, paying particular attention to the Dent Fault mm 
Taithes Gill, the Ordovician and Silurian Rocks of Helm Gill, and Helm 
Knott, with the associated igneous rocks. 


One day was spent in examining the section in Pinskey Gill and 
then walking over the moors and down Spen Gill. 


The second meeting was held at Hathersage on July 2nd-6th, under 
the leadership of Prof. Fearnsides. A most interesting programme 
had been arranged including the Derwent Valley Waterworks, where 
opportunities were afforded of examining folding in weak strata at the 
bottom of the valleys, whose sides are seriously affected by landslips. 
During other excursions, the paleontologist and petrologist found ample 
work, the former in the Carboniferous Limestone and Shale at the 
quarry between Pindale and Meadow House and other points, and the 
latter in the many fine exposures of Millstone Grit of the district and 
the volcanic rocks associated with the limestone. An evening meeting 
was held in the George Hotel, Hathersage, on Saturday, July 4th, the 
chair being taken by Mr. Cosmo Johns, when a discussion was opened 
by the Chairman on “Some Geological Problems of the Sheffield 
District,” dealing especially with the climatic conditions of the area 
during Carboniferous and Permian times, and difficulties in correlating 
the glacial deposits of the district with the typical sections on the 
Yorkshire coast. A vote of thanks to the Chairman and Professor 
Fearnsides for leading the excursion brought the meeting to a close. 


The Annual General Meeting was held in the Philosophical Hall, 
Leeds, on Wednesday, Nov. 18th, under the Presidency of R. H. 
Tiddeman, Esq.; M.A., F.G.S., when the various officers were elected 
as recommended by the council and submitted to all members on- 
separate leaflet at the time of the meeting. 


Mr. M. Odling, M.A., B.Sc., F.G.S., then read a paper on “ Some 


O2°> 
Unconformities in the Upper Jurassics,’ in which he mentioned 


observations which he had made in the South of England and the. 
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Boulonnais. The subject is still receiving attention, and Mr. Odling 
hopes to publish a paper upon the subject in the near future. 


Professor Kendall then introduced the subject of the proposed 
“ Investigation of the Rivers of Yorkshire,” pointing out the aims and 
importance of the work. 


A good discussion followed in which the following members took 
part :—the President, J. EK. Bedford, Esq. (Lord Mayor of Leeds), Dr. 
Forsyth, Messrs. Burton, Bingley, Thornber, Charlesworth, Bisat, 
Appleyard, Gill, Beaumont, and the Hon. Secretary. 


The general feeling of the meeting was that the work would be 
one of great importance and of such a character that it would give scope 
to all members of the Society, and it was unanimously agreed that the 
scheme should be taken up by the Society. 


On the motion of Mr. Odling, seconded by Dr. Forsyth, the 
following were elected as an organizing committee :—Professor Kendail, 
Messrs. Charlesworth, Hawkesworth and the Hon. Secretary. 


The Committee has held one meeting and it was decided to initiate 
the work by an investigation of the Washburn Valley, but that the 
time was not opportune to proceed with the work in earnest. 


ANNUAL REPORT FOR 1915. 


The Society has passed successfully through a very trying year. 
Loyal help has been given by such of our members as were so circum- 
stanced that they could spare a little time from the arduous labours 
which have devolved upon so many. The proposed investigation of the 
Yorkshire rivers is of necessity still held over, but the accumulation 
of material relating to the work has gone on, so that there need be no 
delay as soon as a favourable opportunity presents itself. 


It had been hoped that the Bibliography would have been published 
this year, but the great additions which have been found necessary 
have increased the labour of compilation accordingly, and it has now 
reached dimensions which were not anticipated when the Society 
asked Mr. Sheppard to take the matter in hand. These additions will 
enhance its value greatly and we are assured that we may look for — 


its early issue. 


The Spring Meeting was held in Leeds on Wednesday, March 17th. 
In the morning Professor Kendall took the members up the Meanwood 
valley for an examination of sections in the Ganister Beds and to study 
the interesting topography of the valley due to the alternation of grits 
and shales. 


In the evening the General Meeting was held in the Philosophical 
Hall, the President being in the chair. 


A very interesting exhibit of maps, memoirs, etc., by Wilham Smith, 
was on view, contributed by Professor Kendall and Mr. Sheppard. 
The latter gave the members a delightful talk upon the work done in 
Yorkshire by William Smith, and the members learned many new facts 
concerning the labours of that great geologist in Yorkshire which had 
been unearthed by Mr. Sheppard. 


This paper will be published in extenso in the next part of the 


Proceedings. 


Many of the members present expressed their appreciation of the 
researches made by Mr. Sheppard into the early records of the “ Father 
of English Geology.” 
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Mr. Albert Gilligan proposed the following resolution :— 


That the Subscription to the Yorkshire Geological Society shall be 
10s. 6d. per annum. 


In speaking to the resolution he remarked that the present sub- 
scription of 13s. was larger than most societies of a like nature and that 
he was of the opinion that a reduction of the subscription to the amount 
stated would be likely to result in an increased membership. 


The resolution was seconded by Mr. A. Charlesworth and after a 
long discussion it was agreed that the matter should not be proceeded 
with at the present time, but should come up for consideration when 
times were more settled. 


The Easter Meeting was held at Slaidburn, near Clitheroe, and 
though only a small number of members attended, those who braved 
the elements were well rewarded. The President, Mr. R. H. Tiddeman, 
who had been responsible for the geological survey of the area, acted 
as leader, while the presence of the late Dr. A. Vaughan in the classic 
knoll reef country acted as a stimulus to diligent collecting among the 
limestones. 


The Millstone Grit and Glacial phenomena of Bowland Knotts 
claimed some attention: the view from Knotteranum over to the 
Penines, with Clapham in the valley at the foot of Ingleboro’, was 
adjudged one of the finest in Yorkshire. 


Croasdale Beck and Phynis Beck afforded magnificent sections 
in the Yoredales, but the rain, while the party were in the Croasdale 
valley, proved too much for their enthusiasm and made them seek 
shelter in a friendly farmhouse. 


At the Council Meeting held in the Philosophical Hall, Leeds, on 
Thursday, June 24th, it was resolved that day excursions within 
easy distance of Leeds should be substituted for the long week-end 
excursions which it had been customary for the Society to hold. The 
following times and places, with Leaders, were decided upon :— 


July 10th. CRracor Leader, Professor Kendall. 
» 24th. Frewston » 9.H. Bedford, Esq., F.G.S. 
Sept. 8th. Kwyosrrope § z - 


(LeEps SEWAGE Works) 
» 20th. CoNnrisBRo’ , Albert Gilligan. 
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It is not thought necessary to give a detailed account of all these 
excursions ; suffice it to say that the splendid attendance and interest 
shown in these meetings has completely justified the policy of the 
Council, and it is not too much to say that nothing better could have 
been done to quicken the life of the Society at this period. 


A general meeting was held in the evening of Thursday, June 24th, 
in the Geological Dept. of the University of Leeds, the President being 
in the chair, when the following papers were read :— 


“ The Knoll Region of Clitheroe, Bowland and Craven,” by Dr. A. 
Vaughan, M.A., F.G.S., and 


‘* The Mineral Constituents of the Permian Sandstones and Breccias 
of the North of England,” by Mr. H. C. Versey, M.Sc. 


In the absence of Dr. Vaughan the former paper was read by the 


Secretary. 


An interesting discussion followed each paper, in which the following 


took part :—The President, Prof. Kendall, Mr. Odling and the Sec- 
retary. 


Members will be interested to learn that the unique collection of 
lantern slides and negatives made by our esteemed member, Mr. Godfrey 
Bingley, has been generously given by him to the University of Leeds, 
and is at present housed in the Geological Dept. of that University. 
They number upwards of 10,000 of each, slides and negatives, and form 
a complete record of the field excursions of the Society for the last 
quarter of a century. There is no need to enlarge upon the value and 
utility of such a collection, while their extreme beauty is known to 
a very wide field of geologists, and this Society counts among its 
happiest memories the exhibition of lantern slides made at one of its 
annual meetings for many years, by Mr. Bingley. 
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INTRODUCTION. 


There are many memoirs dealing with William Smith ; the earliest 
by his nephew, John Phillips, being published in 1844. More recently 
Dr. Henry Woodward, the late Prof. J. W. Judd, and others, have 
referred to his life and his maps. Smith’s work has, naturally, had a 
considerable effect on the progress of Yorkshire geology, especially as 
his nephew and pupil, Phillips, received from him his early inspiration 
and training. 


William Smith was born at Churchill in Oxfordshire in 1769, and 
died at Northampton, while on bis way to the British Association 
meeting at Birmingham in 1859, when he had reached his three score 
years and ten. 


Of the value of his pioneer work in identifying strata by means 
of their contained fossils, and in geological mapping, the scientific 
world well knows. At present it is proposed to refer more particularly 
to his maps and memoirs, and especially with regard to those referring 
to Yorkshire. 


Smith spent some of his later years in our county. He lectured at 
York, Hull, Sheffield, Leeds and Scarborough. It was on our coast at 
Scarborough in 1826, that he first made the acquaintance of Roderick 
Murchison. In 1828 he was appointed Resident Land Steward to Sir 
John V. B. Johnstone, Bart. , of Hackness, and he there made a map 
of the Hackness estate. From a plan in my possession it is also appar- 
ent that in 1819 Smith was engaged in connection with a “ Proposed 
Aire and Dunn Canal to drain the contiguous Lands,” ete. 


In 1815 Smith purchased a property near Bath for the working of 
freestone, but it so happened that he, the one person then able to 
judge of the quantity and quality of stone, was deceived, and he lost 
heavily. His geological collection was sold to the British Museum in 
1816, and two years later they acquired a further collection from 
him.* He received £700 in all from the Museum authorities. 


* Judd states (Geol. Mag., 1898, p. 99.) :—‘‘It originally consisted 
of 2,657 specimens, belonging to 693 species, collected at 263 different 
localities ; and such portions of it as can be identified have been brought 
together and arranged according to William Smith’s original plan in 
the British Museum (Natural History) at South Kensington, by the 
pious care of Dr. Henry Woodward.” 
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He must have made much money by his engineering skill, but it 
all seems to have been spent in connection with the publication of his 
maps. “In 1819 he gave up his house in London, and sold off all his 
furniture, collections and books, and for the next seven years he became 
a wanderer in the north of England, rarely visiting London save on 
professional engagements.”’* This doubtless accounts for the incom- 
plete state c.f some of his publications, referred to later. Probably the 
first lecture Smith gave in Yorkshire, was delivered to the Philosophical 
and Literary Society at Leeds in 1821. I am indebted to Mr. H. E. 
Wroot for the following reference to it, which he has obtained from an 
old file of The Leeds Mercury :— 3 


“A lecture out of the ordinary course was delivered last Satur- 
day evening, [Nov. 17th. 1821], at the Hall ot our Philosophical 
and Literary Society, by Mr. Wizi1am Smiru, a geologist of dis- 
tinguished merit and reputation. Mr. Smith, being present on 
the preceding evening, when a subject which in some degree 
connected itself with geology was discussed, generously offered to 
address the Society the following day, and to illustrate the subject 
by his own geological map. He gave therefore, on Saturday, a 
full and interesting description of the varied stratification of 
Yorkshire, occasionally extending his view to the principal strata 
of the whole Kingdom. Mr. SmirH made also some useful 
suggestions on the arrangement of the geological specimens in the 
Society’s Museum. The lecture, which displayed surprising stores 
of knowledge, and great clearness as well as vigour of mind in the 
lecturer, gave universal satisfaction ; and the society evidently 
felt much gratified by the interest Mr. Smiru showed in its welfare. 
We trust the example set by this gentleman will be fcllowed by 
other eminent scientific men who may pass through the town.T 


The lecture which attracted Wiliam Smith was a discussion by 
Mr. Luccock on the place in nature of the Hippocampus, the “ sea 
horse.’ It is interesting to notice the vigour and enthusiam of the 
Leeds Philosophical Society in these days. It was able to hold 


meetings twice a week—Wednesdays and Fridays—with occasional 


* Woodward, Proc. Bath. Nat. Hist. and Ant. F. Club, 1902, Vol. 
K., pt: 1, p. 7. 
+ Leeds Mercury, Nov. 24, 1821. 
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** specials ” as in the case of Smiths lectvre. And it appears to have 
had good audiences. It was not perhaps without need that the Society 
took a dose of elementary geology from Smith, for at the presidential 
address, a fortnight later, Mr. John Marshall, the President of the 
Society, “read a paper, which he had promised, developing a new 
theory of Geology. We can merely state” (says the bewildered 
reporter) “that the great principle of the theory is—the change of 
the axis of the earth’s rotation, which, occasioning in the long suc- 
cession of ages an alternate rise and subsidence of the ocean in different 
parts of the globe has mainly contributed to form the varied stratifi- 
cation of the earth’s surface. Mr. Marshall approved, but not 
altogether, the Huttonian (sic) theory of the igneous origin of the 
earth’s crust.” (The reporter is apparently a little confused here 
between Hutton and Werner). “The numerous facts discovered by 
geologists as recorded in histery, by which Mr. Marshall supported his 
theory, we are quite unable to allude to.”’ 


Tn the First Report of the Literary and Philosophical Society of 
Kingston-upon-Hull (1824-5, page 9) we learn: “‘ Mr. Smith, the well- 
known laborious author of the geological maps of England, Yorkshire, 
etc., and his nephew, Mr. J. Phillips, being in this county in November, 
the council eagerly embraced the opportunity of engaging those gentle- 
men to deliver a course of nine lectures on the interesting study of 
geology, for the sum of £50, which were given at the Assembly Rooms, 
in the month of December, and illustrated by numerous drawings and 
specimens, in which the Society’s Museum was again found to be 
exceedingly useful; and it must be satisfactory to the members to 
learn that it was pronounced by those competent judges to contain a 
highly valuable collection of specimens. The cost to the Society of 
these lectures was only £12 9s., and they were accompanied by an 
accession to the list of members, fully counter-balancing that sum, so 
as, in point of fact, to have been enjoyed by the Society gratis.” 


Later in the same Report* we find that : “Mr. Smith having been 
induced by the Yorkshire Philosophical Society to resume his examina- 
tion of the strata of Yorkshire, the result has been a further development 
of the intricate geological arrangement of the eastern part of the county, 
and the identification of several distinct beds in the oolitic series, not 


* pp. 10-11. 
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before discriminated, with those which are known in the southern 
course of the strata. Mr. S. is engaged in introducing these new ob- 
servations into his geological map of Yorkshire, which he exhibited 
during his lectures; and he also entertains an intention of publishing 
the documents on which the colouring of that map is founded—the 
valuable fruits of many years of laborious investigation. It must 
afford great satisfaction to the Society that they have in any degree 
been instrumental in encouraging the researches of so able a geologist.” 


A further reference to a visit to Hull by Smith occurs in the Society’s 
report for the Session ending May, 1839, page 9 :— 


“A recent visit to the town from Dr. Smith, enabled the father 
of English Geology, as he is justly styled, an opportunity of examining 
our collection of specimens illustrative of his favourite science, some 
of these he declared to be entirely new to him, while many others, upon 
his authority, were pronounced to be of great value and variety. He 
congratulated the Society on possessing the opportunity of resorting 
to so valuable a collection of well arranged fossils, as affording com- 
pensation, to a considerable extent, for the deficiency of our neighbour- 
hood in geological interest.” 


This must have been Smith’s last visit to Hull, for he died a few 
months later. 


Smith and Phillips gave a similar set of lectures to that delivered 
at Hull to the Yorkshire Philosophical Society, and they are referred 
to in the report of the York Society in almost identically the same words 
as those quoted from the Hull report ! Later they were delivered at 
Sheffield and Scarborough. Fortunately a copy of this remarkable 
syllabus is preserved,* and as it is one of the earliest of its kind, and 
has a particular interest to Yorkshire geologists, it may be quoted 
here :— 


SYLLABUS OF LECTURES ON GEOLOGY, 


BY WILLIAM SMITH, MINERAL SURVEYOR. 


LECTURE I. 


‘“ InrRopUcTORY.—Geology a Science of great extent and 
universal interest ; not a science of hard names, but beautifully 


* Phillips’s Memoirs of William Smith, 1844, pp. 107-109. 
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according facts.—The great facilities for acquiring it afforded in 
our own country.—Inducements to the study of Geology—A 
view of its application to the purposes of human convenience.— 
Explanation of first principles of the Science, as developed in the 
original investigation around Bath Enumeration and description 
of the Strata, illustrated by sections and maps; and the distinc- 
tion explained between the alluvial and stratified matter. 


LECTURE II. 


“Connection of British Strata with those of adjacent coun- 
tries. 


“ EXTERIOR Form or LanpD, as influenced by the terminations 
of the Strata in the Sea.—Bays, Estuaries, Capes, Cliffs, Low 
Shores, mutability of the Coast. 


“ INTERIOR OF THE IsLAND.—Principal ranges of high and low 
ground, contours of Hills, and characteristic forms of Mountains 
and Valleys, illustrated by drawings. 


LECTURE III. 


‘“ PRINCIPLES OF NaTURAL DrainaGEe.—1. Summits of Drain- 
age; 2. Theory of Springs; 3. Courses of Streams, illustrated by 
reference to particular streams ; 4. Characters of the Streams and 
Valleys in the respective Strata.—Lakes.—Interior Marshes. 


“S1res oF Poputation.—Origin of Towns, Villages, Castles, 
Abbeys, Seats, and Parks, as influenced by advantages arising 
from properties of the Strata.—Picturesque Scenery.—Varieties 
of Soil and their agricultural appropriations. 


** LOCALITIES OF PLANTS AND FREE ANIMALS in the sea and 
on the land. 


LECTURE IV. 


“SrRATA IDENTIFIED BY THEIR IMBEDDED ORGANISED 
Fossits, and other remarkable bodies.—Use and application of 
the organised Fossils, in distinguishing one Stratum from another, 
exemplified by specimens and drawings, and reference to localities. 
—State of the preservation of Fossils, their relative antiquity, and 
resemblance to recent Shells, Corallines, ete. | 
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LECTURE V. 


‘““ VARIATIONS FROM THE GENERAL REGULARITY OF STRATA.— 
Isolated Masses, attentuation and discontinuity of Strata ; remark- 
able elevations and depressions; unconformity of course and 
declination, and apparent dislocations of Strata—Dykes and 
Mineral Veins. Illustrated by sections and drawings. 


LECTURE VI. 


“GEOLOGY OF YORKSHIRE.—Exemplifications of the great 
principles of the Science, around the coast and through the interior 
of the county.—Enumeration and description of the Yorkshire 
Strata, with their included organised Fossils and other peculharities. 
—Instances of elevations and depressions, and other conformities 
of the Strata, illustrated by Maps, Sections, and Drawings. 


LECTURE VII. 


“On THE PracTicAL ADVANTAGES OF GEOLOGY, and its 
beneficial application to Agriculture, Mining, Coalworking, and 
Commerce in Yorkshire —Valuable products of Yorkshire: Build- 
ing Stone, Paving Stone, Slates, Marbles, Bricks, Pottery, Casting 
Sand, Grindstones, etc.—Sites of population and Manufacture.— 
Discovery and working of Coal and Minerals. 


LECTURE VIII. 


“ Review of the subject, with reflections on the FoRMATION 
OF THE Srrata.—Proved to have been deposited from water 
liable to occasional agitation—Change of climate considered.— 
Consolidation of Strata.— Effects of the Deluge in detaching 
fragments from the rocks, rounding them by attrition in water, 
and scattering them over other Strata at great distances.—Bones 
of land animals found in this gravel, and in Limestone Caves.— 
Account of the Caves of Kirkdale, of Oreston, ete.—Antediluvian 
inhabitants of the earth.—Conclusion.” 


Of these lectures Phillips says*: “‘ A certain abstractedness of 


mind, generated by long and solitary meditation, a habit of followmg 
out his own thoughts into new trains of research, even while engaged in 


* loc. cit., p. 109. 
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explaining the simplest facts, continually broke the symmetry of Mr. 
Smith’s lectures. Slight matters, things curious in themselves, but not 
clearly or commonly associated with the general purpose of the lecture, 
swelled into excrescences, and stopped the growth of parts which were 
more important in themselves, or necessary to connect the observations 
into an intelligible and satisfactory system. But there was a charm 
thrown over these discoveries by the novelty and appropriateness of 
the diagrams and modellings which exemplified the arrangement of the 
rocks, the total absence of all technical trifling from the explanations, 
and the simplicity and earnestness of the man.” 


This ‘“ side-tracking ”’ alluded to by Phillips is obvious in Smith’s 
books, particularly the first one. 


One of the original copies of the “ Table of Strata,” by Smith, 
a complete set of the cross-country sections which he published, as 
well as a fine series of characteristic fossils,* left by Smith and 
Phillips at the close of these lectures, are among the most cherished 
possessions in the Hull Museum to-day. 


The great work Smith did in our county, and the great effect the 
geology of Yorkshire had on some of his conclusions, is little known. 
Most that is recorded occurs in Phillips’s Memoir, which is now an 
exceedingly scarce book.+ This includes a few facts which are worthy 
of being preserved in our Proceedings. 


In 1794, while engaged in the construction of a canal in the south 
of England, William Smith, “their engineer,’ was sent with two 
members of the Canal Company on a 900 miles’ tour, in order to 
examine other navigations. During this trip he took notes of the 
country he passed through, and the following was written with regard 
to our countyt :— 


“We found the small steam engines much better applied to 
raising coal in Yorkshire than in Somersetshire, where not more 
than one (I believe), badly constructed, was then in use. 


* These are referred to on p. 21 of the Third Report of the Hull 
Society, as follows :—‘“‘Mr. W. Smith, Mr. J. Phillips: Fossils, illustra- 
tive of the Stratification on the Coast of Yorkshire.” 

7 My copy is inscribed to ‘‘ Henry Davies Esq., with the best 
wishes of John Phillips, 13th Aug., 1856.” 

t loc. cit., pp. 12-13. 
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‘Flat ropes were in use, and at Hisley Wood or White-lane 
Colliery, on Earl Fitzwilliam’s estate, I stood on one end of a 
cross-bar to which corves were suspended, and Mr. Perkins on the 
other, and we were very smoothly let down a little more than 
mid-depth of the pit to see Mr. Cur’s, so-called, sliding-rods ; when, 
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on being stationary and directed to look up, we saw the ascending 
corves over our head without knowing that they had passed us at 
the mid-depth enlargement of the pit. 

‘ On reversing the motion of the engine we were soon again on 
the surface, and simply and easily as this seemed to be effected by 
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grooves down from top to bottom of the pit, for opposite ends of 
the cross bars to move in with an enlarged place mid-way for their 
passing, my learned friend could not understand the mechanism, 
though I was occupied nearly the whole of a long stage in explaining 
it to him. 

“The rocks of the Yorkshire coalfield, everywhere so well 
developed, opened to my mind new views of the facility of obtain- 
ing on the surface clear notions of the coal-measure stratification ; 
and at Banktop, near Barnsley, I found some of the rocks of this 
series strongly developed. 


‘Leeds being near the extent of the coalfield, we found that 
further north there were no canals, but determined on seeing York 
Minster ; and thus, in crossing Tadcaster Moor, I had a clear view 
of the magnesian limestone, which is a rock unknown in the south. 

“From the top of York Minster I could see that the Wolds 
contained chalk by their contour.* 


“We here had time enough to indulge ourselves with a good 
dinner and a pine-apple at the Black Swan, and resolved upon a run 
up to Newcastle to see the celebrated collieries there ; and, after the 
first stage from York, I recognised in the Hambleton Hills the 
features of the Cotswold Hills viewed from the vale of Gloucester ; 
saw near Thirsk the red marl in the road, and found that along 
Leaming-lane we were travelling upon red sandstone. The yellow 
limestone appeared again at Pierce Bridge, and at Ferry Hill they 
were working coal under it. 


“ Here it presented a well defined escarpment boundary to the 
Durham coalfield, as it did to that of Yorkshire ; but these northern 
coal-measures were observed to be much more obscured by a thick 
cover of loose and mixed matter.” 


At Heaton Colliery, near Newcastle :— 
“The mode of dividing their shafts and mother-gates by 


* Of this Phillips says :—‘*< This was in fact the only authority he 
could rely upon for drawing, in 1800, the continuations of the Chalk 
of Wiltshire and the Oolite of Somersetshire through the eastern parts 
of Yorkshire, but he drew them with a considerable approximation 
to accuracy.” 

See under Martin Lister, 1683, below, where the Chalk Wolds are 
distinctly referred to. Of course Smith may not have known of Lister’s 
paper.—T'S. 
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brattices of wood-work seemed inconvenient and unphilosopbical 
and we, rather dissatisfied, hastened back through Ripon and 
Harrogate, where the M.D. took a nauseous draught of sulphur 
water as we sat in the chaise. We had crossed the yellow limestone 
between Ripon and Ripley.” 


Twenty-six years afterwards Smith again frequented Yorkshire. 


Phillips records* that :— 


“ Karly in 1820 Mr. Smith was employed in Leicestershire, 
but the greater part of the year was passed in Yorkshire, about 
Ferrybridge, Whitby and Scarborough. While staying at the 
romantic and delightful town just named (in hopes to soothe the 
mental aberration of his wife, which became very manifest in this 
year), he imbibed for it a partiality which augmented with further 
knowledge. Mr. Dunn, one of the most affectionate and highly 
esteemed of his friends, remembers that even at this period it was 
in contemplation to found a museum at Scarborough, and that 
Mr. Smith attended a private meeting of a few inhabitants for the 
purpose, but the project was not urged into effect till after some 
years had elapsed, when the same individuals undertook the task 
of establishing the Scarborough Philosophical Society with better 
omens and stronger assurances of support. 


“ Harly in 1821 the writer walked through the eastern parts 
of Yorkshire and rejoined Mr. Smith at Doncaster, and from this 
point accompanied him in a walking excursion through the coal 
district of the West Riding, passing by Bamborough, Houghton, 
Cudworth, Shafton, Wakefield, Ardsley, Horbury, Thornhill (the 
Rectory of the Rev. John Michell, the celebrated Woodwardian 
professor), Flockton, Bretton, Haigh Bridge, Silkstone, Stain- 
borough Inn, Wentworth Castle, Tankersley Park, Wentworth Park, 
Rawmarsh and Conisborough. In this excursion particular 
attention was given to determine the true general order of the coal 
beds, ironstone courses, and characteristic rocks, and the result is 
seen in a comprehensive section on the Yorkshire map, to which 
nothing similar had ever been attempted in this country, perhaps 
in Europe. From the notes and sketches made on this journey, 
the first page is taken to show the kind of information which it was 


* loc. cit., pp. 94-96. 
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proposed to gather, besides the lines of outcrop of the strata 
- marked on the map. 


‘“ 4th April, 1821.—Walked westward by Barlby and Warms- 
worth to Sprotborough Ferry, and thence by Cadeby over the 
verge of the magnesian limestone there. Cadeby is so very ill 
supplied with water, that those who hold the pump handle must 
frequently wait some time till the niggard stream furnishes its 
scanty supply. There is, however, a pool in the place, and some 
springs appear above the edge of the hill which, as at Micklebring, 
is kept by the purple sandstone. Several yew trees mark its 
course. Before we arrive at the mill on the Dearr, some clay 


MACNE SIAM 
LIMESTONE 
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Rood SWALE SERIES 


SOFT ROOF 
FIRECLAY 


Boring 40 yds. 6 


ground and dark shades in the soil indicate the outcrop of the 
uppermost workable vein of coal. Melton Hall, to the right on 
the edge of the limestone, is very conspicuous. We now ascend 
a bold bank, and at the junction of the Barmborough and Melton 
road, wind round a sudden swell of limestone and sandstone, 
whose outcropping beds form around the face a series of natural 
entrenchments clothed with wood. Beyond this hill the ridge 
recedes from our road and leaves a broad vacancy, wherein we 


descry a coal pit. To our left is Barmborough Grange, standing 
on detached sandstone. 


“The boring marked (6b), now prosecuting with the hope of 
piercing the two coals found at Goldthorpe and Thurnscoe. The 
upper, at Goldthorpe, 70 yeards deep, thin and not desirable ; 
the lower 105 yeards deep, 5 feet thick. Solid sinkings, soft floor, 
but immediately beneath hard sinkings repeated.” ’ 
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“ To assist Mr. Smith’s researches the author made a variety 
of other journeys from Doncaster, as to Roche Abbey, Gringley- 
on-the-Hill, and Gainsborough. At length the materials for 
completing the geological map of Yorkshire were deemed sufficient, 
and this remarkable work was published in the summer of 1821, 
in four sheets.” 


Still later it is recorded by Phillips that :— 


‘““ Some professional engagements at Scarborough and in other 
parts of Yorkshire occasionally drew Mr. Smith’s attention, and 
he was especially interested in arranging a plan for a better supply 
of water to Scarborough. The deficiency of water in the summer 
season, when Scarborough is full of visitors, was extreme; the 
structure of the promontory on which the town and castle stand 
is such as to yield only a very inconsiderable quantity of water 
on the spot; and the distant springs, which, by reason of their 
higher level, might be available for the supply of the town, are in‘ 
general beyond the control of the corporation. 


‘One small spring on Falsgrave Moor was at the disposal of 
the engineer, and it was in the economising of this scanty rill that 
Mr. Smith exercised his ingenuity. He applied this ingenuity 
at each end of the water-course. In the hill he excavated a 
subterranean reservoir, which might preserve from surface waste 
the water at its origin, and in the town he constructed a large 
closed reservoir, to meet the irregular demand of a varying popu- 
lation. These plans were successful, the little spring became a 
great blessing; the town is benefited; but it has grown in size, 
and now requires a further effort to obtain further supplies from 
another source.” 


OTHER MAPS OF SOILS, Etc. 


Of course it is not contended that Smith was the first to map 


soils and rocks, as the following notes will show. 


GEORGE OWEN, 1595. 


The old historians and topographers, as is well known, often made 


reference to facts of geological interest. Perhaps one of the earliest of 
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these was George Owen of Henllys, in Pembrokeshire.* He refers to 
geological features in the following words, and, on comparing them 
with a geological map, it will be seen that Owen’s observations were 
very reliable, though made over three centuries ago :— 


In a chapter on “ natural helpes, which is in the countrey to better 
the lande [‘ lyme’ being the ‘ chiefest ’] ’ he writes: “ First you shall 
understand, that the lymestone is a vayne of stones running his course, 
for the most part right east and west, although sometimes the same is 
found to approach to the north and south. Of this lymestone there is 
found of ancient, two veynes, the one small and of no great account, and 
not of breadth above a butt} length, or stones cast; and therefore 
whosoever seeketh southward or northward over the bredth misseth it.” 


The course of this ““veyne” is then traced for a considerable 
distance ; and a third “ veyne of lymestone ”’ is referred to. We then 
read that “ For the veyne of coales which is found between these two 
vaynes of lymestone, as a benefit of Nature, without which the profit 
of the lymestone were neare lost ; betweene the sayd two vaynes from 
the beginning to the ending, there is a vayne (if not several vaynes) 
of coles, that followeth those of the lymestone. This vayne of coal in 
some partes joineth close to the first lymestone vayne, as in Pem- 
brokeshire, and Carmarthenshire ; and in some partes it is found close 
by the other vayne of lymestone, as in Glamorgan, Monmouth, and 
Somersetshire. Therefore whether I shall say that there are two 
vaynes of coles to be found betweene these two vaynes of lymestone, 
or to imagine that the cole should wreathe or turne itself, in some 
places to one, in other places to the other ; or to think that all the land 
betweene these two vaynes should be stored with coles, I leave to the 
judgement of the skilfull miners, or to those which with deep knowledge 
have entered into these hidden secrettes.” 


* A History of Pembrokeshire, from a manuscript by George 
Owen, Esq., of Henllys, Lord of Kemes, &c.,—now first published by 
his great-grandson, Richard Fenton, Esq., Cambridge Register for 


1796, Vol. I., p. 52, London, 1799. See also Phil. Mag., Dec. 1832., 
p. 443. 


7 v.e., archery butts = the length of the flight of an arrow = 100 
yards.—T:S. 


G 
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MARTIN LISTER, 1683. 


In Volume IT. of the Yorkshire Archeological and Topographical 
Journal, 1873, is a ‘‘ Memoir of Martin Lister, M.D., F.R.S., 1638-1712,” 
by Robert Davies, F.S.A. Referring to Dr. Lister’s contributions to 
the Philosophical Transactions, and printed by the Royal Society, 
Mr. Davies states: ‘‘ The earliest of the communications, which he 
read to the Society in person, was probably that delivered at a meeting 
held on the 12th of March, 1683-4. This paper is extremely curious, 
and gave an impetus to the study of geology. It is entitled, © An 
Ingenious proposal for a new sort of Maps of Countrys, together with 
Tables of Sands and Clays, such chiefly as are found in the north of 
England.’ The author commences: ‘ We shall be better able to 
judge of the make of the earth, and of many phenomena belonging 
thereto, when we have well and duly examined it, as far as human art 
can possibly reach, beginning from the outside downwards. As for the 
most inward and central parts thereof, I think we shall never be able 
to confute Gilbert’s opinion, who will, not without reason, have it 
altogether iron. 


‘“‘ And for this purpose it were adviseable that a sovle or mineral 
map, as I may call it, were devised. The same map of England may, 
for want of a better at present serve the turn. It might be distinguished 
into countries, with the rivers and some of the noted towns put in. 
The soile might either be coloured, or otherwise distinguished by 
variety of lines or etchings ; but the great care must be, very exactly 
to note on the map, where such and such soiles are bounded. As for 
example, in Yorkshire, 1. Zhe Woolds: chaulk, flint and pyrites, ete. 
2. Blackmoor: moores, sandstone, etc. 3. Holderness: boggy, turf, 
clay, sand, etc. 4. Western Mountains: moores, sandstone, coal, 
ironstone, lead-ore, sand, clay, etc. Nottinghamshire: mostly gravel 
pebbles, clay, sand-stone, hall-playster or gypsum, etc. Now, if it 
were noted how far these [soils] extended, and the limits of each soil 
appeared upon a map, something more might be comprehended from the 
whole and from every part than I can possibly foresee, which would make 
such a labour well worth the pains. For, I am of opinion, such upper 
soils, if natural, infallibly produce such under minerals, and for the most 
part, in such order. But I leave this to the industry of future times.” 


The annexed extract of a Jetter from Mr. Aston to Dr. Plot, at 
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Oxford, gives some further account of Dr. Lister’s ideas. It is dated 
London, March 13th, 1683-4.‘ I received from Dr. Lister two schemes 
of the sands and clays found in England, made by himself about twenty 
years since. He mentioned besides the great advantage of a map of 
the earths peculiar to some places and countries ; he considers the sand 
and clays as two of the coats of the earth ; the sand, probably, the 
uppermost coat (for some reasons he gives), whence it comes to be 
washed to the body of rivers and the seashore. By this opinion, I 
perceive, may be given an account of sand-beds, too often attributed 
to the sea.’’* 


Dr. Lister’s scheme for a map of England, distinguishing the soils 
and their boundaries by colours, has certainly the merit of priority. 
Sir Charles Lyell acknowledges that Lister was the first who was aware 
of the continuity over large districts of the principal groups of strata 
in the British series, and who proposed the construction of regular 
geological maps. The scheme, however, was never carried out in his . 
time.f . 

Dr. Lister retained his love of geological studies to a late period of 
his life. In 1696, writing to his friend Thoresby, he says: “I desire 
to know if John Bolland of Halifax be alive. If so, I desire you will 
inquire of him where he had the blue or black slate-stone he sent me 
to York, in every leaf of which, were it cleft into never so thin sheets, 
there were very fair impressions only, and not the substance, of pecten- 
ites or scollop-like shells; I imagine in some coal-pit about Halifax. 
If it can be found, I would have a good piece of it sent up to me by the 
carrier. I will most willingly and thankfully pay for it.” ¢ 


JOHN STRACHEY, 1719. 


In 1719 John Strachey contributed a paper on the Somersetshire 
Coal District to the Philosophical Transactions§ which was re-published 


* Ashmolean MSS., No. 1813. 


{7 The various soil maps appearing in the County Agricultural 
Surveys published by the Board of Agriculture, at the end of the 
eighteenth century and at the beginning of the nineteenth, carry 
out Lister’s suggestion. 


t Thoresby’s Correspondence, Vol. I., p. 259. No doubt it refers 
to shale with Aviculopecten. 


§ Vol. XXX., p. 968; another on the same subject followed 
in 1725, loc. cit., Vol. XXXI., p. 395. 
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in a pamphlet in 1729 (4to, 16 pp.), entitled, ‘‘ Observations on the 
Different Strata of Earth and Minerals, more particularly such as are 
found in the Coal Mines of Great Britain.” This is accompanied by 
a section of some coal-seams about ten miles south-west of Bath, which, 
on account of its early date, is reproduced herewith.* It will be noticed 
that this section, printed nearly two centuries ago, clearly defines the 


WF STRACHEY, 1719 
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order and composition of the beds, their inclined position, their in- q 
terruption by ridges (1.e., faults); and the occurrence above the coal- . 
. 


seams of freestone (Oolite), lias and red marl, lying horizontally upon 
and unconformably with the older beds. In his second paper the author 
states he had “ never heard any coal was found to the west or south of 
Mendip-hills ; so Cotswold to the N.E., and the chalk hills of Marlbury } 
Downs and Salisbury Plain, seem to set bounds to the coal country.” 


The author concludes his paper with some weird and wonderful 


* It is taken from the reprint, being slightly different from that 
published in the Phil. Trans. See also Phil. Mag., Jan., 1833, Plate 2. 
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' theories to the effect that “‘ the foregoing or perhaps of ten thousand 
- other minerals, all originally, while in a soft or fluid state, tending to- 
wards the centre ; it must mechanically, and almost necessarily follow, 
- by the continual revolution of the crude mass from west to east, like 
'. ... rolling up the leaves of a paper book . . . . must in some place 
or other, appear to the day, in which ¢ase there needs no specific gravi- 
tation to cause the lightest to be uppermost, etc., for every one in its 
turn, in some place of the globe or other will appear near the surface.” 
This part of his paper, which is illustrated by a plan of the beds of the 
earth (which resembles the plan of a spiral staircase), does not interest 
us, except that on his sketch he gives the following order for the 

beds :— 

Chalk. 

Freestone {Oolites]. 

Limestone | ,,. 

Ma. pe Pl. 

“areas f (Trias and Permians! 


eee i (Carboniferous!. 
Coal j . - 


Lead, Copper, ete. 


JOHN WOODWARD, 1723. 


John Woodward, in his Natural History of the Earth, 1725, pp. 
4-6, expressed views somewhat similar to those of Smith. He says: 
“I made strict enquiry wherever I came, and laid out for intelligence 
of ail places where the entrails of the earth were laid open, either by 
nature {if I may so say) or by art and human industry. And where- 
soever I had notice of any considerable natural spelunca or grotto, 
-any s'nking of wells, or digging for earths, etc., er the hke, 1 forthwith 
had recourse thereunto. The result was, that in time I was abundantly 
assured that the circunistances of these things in remote countries 
were much the same as those of ours here.”’ 


_-_ NICOLAS. DESMAREST. __ 
Still before Smith’s time were the views of Desmarest, as expressed 
in the Encyclopedie Methodique,* of which the following is a translation : 


* Geographie Physique, tom I., pp. 416-417. (LUXIV Livraison). 
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‘‘ That these bodies were not thrown haphazard nor in the state 

of confusion as before his time had been commonly believed—in plaee 
of this confusion a constant order is to be recognised in the arrangement 
of the shells, certain individuals of which keep apart and are not mixed 
with others which also have their tribes separate; that certain in- 
dividuals are met constantly together, whilst others are never found in 
the same beds, in the same layers ; that these collections of fossil shells, 
at the surface of certain parts of our continent, were in the same state 
of arrangement and distribution, as in the basin of the sea, where 
certain testaceous animals live together occupying the same habitat, 
and there form those species of societies or families, just as do certain 
plants which grow always in association on the surface of the earth.” 


CHRISTOPHER PACKE, 1743. 


Dr. Packe “‘invented and delineated” “A New Philosophico- 
chorographical Chart of East Kent,” in which the valleys and other 
physical features were shown, with the chalk districts, stone hills, clay 
hills, etc. There is, however, no reference to stratification. Dr. Packe 
was proud of his work. It was “no dream or devise, the offspring 
of a sportive or enthusiastical imagination, conceived and produced for 
want of something else to do, at my leisure in my study, but it is a real 
scheme, taken upon the spot with patience and diligence, by frequent 
or rather continued observations, in the course of my journeys of 
business through almost every the minutest parcel of the country ; 
digested at home with much consideration, and composed with as much 
accuracy, as the observer was capable of.” 


JOHN MICHEL, 1760. 


An anonymous writer* in The Edinburgh Review for 1818 points 
out that the most important observations on the subject of stratifi- 
cation that had hitherto appeared were made by the Rev. John Michel, 
in a paper on “ The Course and Phenomena of Earthquakes,”’ published 
in the Philosophical Transactions of 1760.¢ In this contribution the 
author not only states the general appearance of the strata, their 


* This article was described by Phillips as “the most able, just, 
and discriminating survey of the progress of English Geology ever 
penned,” and he implies that it was written by Dr. Fitton. 


Tf Vol. LI., Part IT., p. 566., Sect. 37 to 49. 
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identity of character, continuity and uniform thickness in length and 
breadth for many miles, the great inclination of the beds in mountainous 
countries, and their approach to the horizontal position in flat ones ; 
but he clearly explains the arrangement of the stratain England. He 
states: ‘‘ Let a number of leaves of paper, of several different sorts or 
colours, be pasted upon one another ; then bending them up together 
into a ridge in the middle, conceive them to be reduced again to a 
level surface, by a plane so passing through them as to cut off all the 
part that has been raised ; let tre middle now be again raised a little, 
and this will be a good general representation of most, if not all large 
tracts of mountainous countries, together with the parts adjacent, 
throughout the whole world. From this formation of the earth it 
will follow that we ought to meet with the same kinds of earths, stones and 
minerals, appearing at the surface, in long narrow slips, and lying parallel 
to the greatest rise of any long ridge of mountains ; and so in fact we find 
<emM,. .; In Great Britain we have another instance to the same 
purpose, where the direction of the ridge varies about a point from 
N. by E. to 8. by W. of which I could give many undoubted proofs. . .”’ 
As an example of the large extent of strata in level areas he says: “the 
chalky and flinty countries of England and France, which (excepting 
the interruption oi the Channel and the clays, sands, etc., of a few 
counties), compose a tract of about 300 miles each way,” and he adds 
that “the highest rise of the ridge, and the inclination of the strata, 
have very considerable irregularities,” and this often makes it difficult 
to trace the appearances I have been relating, which, without a general 
knowledge of the fossil bodies of a large tract of country, it 1s hardly 
possible to do.”’ 


JOHN WHITEHURST, 1778. 


In 1778* Whitehurst published an “Inquiry into the Original 
State and Formation of the Earth,” which contained information on 
* organised fossils,’ and he includes a chapter on “ The Structure 
of Derbyshire and otber parts of England.” Hestates: “ The arrange- 
ment of the strata being such that they invariably follow each other 
as it were in alphabetical order, or as a series of numbers. TI do not 
mean to insinuate that the strata are alike in all the different reqions of 
the earth with respect to thickness or quality, for experience shows the 


* 2nd ed., 1786. 
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contrary ; but that in each particular part, how much soever they may 
differ, yet they follow each other in a regular succession. And 
again*: “It is my intention to have deposited specimens of each 
stratum, with its productions, in the British Museum, arranged in the 
same order above each other as they are in the earth; being persuaded 
that such a plan would convey a more perfect idea of subterraneous 
geography, and of the various bodies enclosed in the earth, than words 
or lines can possibly express.” This project was subsequently carried 
out by Smith ! 


JOHN SMEATON, 1788. 
In the Philosophical Magazine for 1810 (Vol. XXXVI., pp. 102-3) 


is a paper with the following somewhat remarkable title :— 


‘“ Information that a further Publication of the late Mr. Smeaton’s 
Engineery Designs and Papers is in hand. Copy of a list of the 
principal British Strata by the late Rev. John Michel (of whose posthu- 
mos Papers on Geological subjects further information is requested)— 
with some experiments of Mr. Smeaton’s on Limestones, and Queries 
respecting Mr. Tofield, communicated by Mr. Jobn Farey to Mr. 
Tilloch.”’ 


This contains a list of strata, with details of their thickness, circa 
1788, which is of interest for comparison with Smith’s list dictated 
to Mr. Richardson in 1799. The following is an extract :— 


“As my eldest son was a few days employed in examining the 
miscellaneous bundles of papers, which belonged to the late ingenious 
Mr. Jobn Smeaton, the civil engineer, now in Sir Joseph Banks’s 
possession, with a view to further publication by Messrs. Longman, 
Hurst, Rees & Co. of his Drawings and Reports on civil engineery, 
which so long and impatiently have been expected by those interested 
in this branch of the useful arts, he found a small scrap of paper (only 
four inches by three) in thé handwriting of Mr. Smeaton, part of the 
‘cover of a letter, as appears by part of a seal and the London post-mark 
of November 21st, 1788, on the back of it, which, baving obtained 
Sir Joseph’s permission, I think of sufficient importance, in a geological 
‘point of view, to request the favour of you to lay before your readers.” 

‘It relates to the order and thicknesses of the strata in England, as 


* Ind ed., pp. 178 and 189. 
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appears by Mr. Smeaton’s title or endorsement on it, viz., ““ Mr. Michel’s 


account of the south of England Strata,’ which is as follows, viz. :-— 


Yards. 
Chatk ~.:. a ee ot Be cin eka 
Golt fe ee pe ee = oa 50 
Sand. 

Sand of Bedfordshire... ee ae 10 or 20 
Northampton lime and Portland limes lying 

in several strata... me =“ 100 
Lyas strata yi sh ae ce 70 or 100 
Sand, of Newark Rte o =| Ghent, 30 
Red Clay, of Tuxford and several a eg aU 
Sherewood Forest Pebbles and Gravel as 50 unequal 
Very fine and white sand oe Ae ry uncertain 
Roch Abbey and Brotherton limes... pec ok 


Coal Strata of Yorkshire 


3) 


“The Mr. Michel alluded to, was, it appears, the late Rev. John 
Michel, Rector of Thornhill, near Wakefield, Yorkshire, who was an 
intimate friend. of Mr. Smeaton, the late Mr. Cavendish, ete., etc., 
-and whose name must be very familiar to most of your readers, from his 
many valuable papers in'the Transactions. of the Royal Society of 
London, of which he was a member.” 


“ This account of the strata, imperfect as it 1s, appears to mé im- 
portant as showing that Mr. Michel was acquainted with the principal 
features of the south of England strata; at an earlier period than any 
thing was published on the subject, especially if we suppose, as is most 
reasonable, that this communication was made verbally by Mr. Michel 
to his friend Mr. Smeaton, very soon after November, 1788, who took it 
‘down on the cover of a recent letter as being the only piece of paper 
then at hand; for Mr. Smeaton’s decease in September, 1792, shows 
that it must have been prior to that time:’”’ 


SMEATON, 1791. 


Dr. Fitton states that: “ The most direct instance that we have 
met with, of the actual tracing the course of any of the strata of England, 
‘before the commencement of Mr. Smith’s investigations, occurs in the 
celebrated work of Smeaton on the Eddystone Lighthouse, and it affords 
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an excellent proof of the practical benefit to be derived from geological 
enquiries. Mr. Smeaton was in want of lime which possessed the pro- 
perty of forming a good cement for works exposed to the sea ; and find- 
ing the lime afforded by the lias limestone at Aberthaw, on the coast 
of Glamorganshire, to answer his purpose, he was led to seek for stone 
of the same qualities in other places. This he found, in the first instance 
at Watchet, on the Somersetshire coast, “ where all agreed that they 
were the very same stratum of lias limestone, that were found on each 
side the Channel, though at the distance of twenty miles.’ He went 
accordingly to Watchet, and examined the situation of the beds there, 
which he has very well described; and he subsequently traced the 
progress of the lias, through Monmouthshire and the intermediate 
counties, as far north as Newark in Nottinghamshire, a course which 
corresponds precisely with the results of more recent investigation. He 
mentions likewise, that Mr. Cavendish and Dr. Blagden had assured 
him of its existence at Lyme on the cast of Dorsetshire, which is the 
more remarkable, as a considerable mass of other strata intervenes 
upon the surface between that place and those which Mr. Smeaton 
had examined himself. It is not, however, improbable that Smeaton’s 
inquiries upon this subject may have been connected with some previ- 
ous communication with Mr. Michel; since he appears to have 
received from that gentleman, the list of the strata to which we have 
already referred, before the publication of his own work on the light- 
house.’’** 
AGRICULTURAL SURVEYS, 1794. 

In 1794 and the following few years, the Board of Agriculture 
published a series of County Surveys. Several of them contained 
maps indicating the nature of the surface soils by colours. In the 
Devonshire map “ dunstone ” and “limestone ”’ occur in the list of 
soils, and on two of the others coal tracts are shown. There are no 
suggestions of stratigraphical structure, however, though there are a 
few sections of coal pits, ete. 


* Dr. Fitton points out that Smeaton’s book, though dated 1791, 
is stated in the Introduction to have been printed in 1786. I can find 
no such information in my copy, though no doubt the fact that mine 
is the second edition, and dated 1793, accounts for the difference.—T.S. 

+ Details of the dates of publication of these various County Sur- 
veys oecur in Sir Ernest Clarke’s account of ‘* The Board of Agriculture, 
1793-1822,” in Journ. Roy. Agric. Soc. 3rd Series. Vol. 9, 1898, pp- 
1-41. 
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Through the kindness of Lord Selborne, I have recently had an 
opportunity of seeing the-collection of these County Surveys in the 
Library at the Board of Agriculture and Fisheries, Whitehall Place. 
The soil maps are remarkably well done in many cases, and there is no 
doubt they were of guidance to Smith in his work. There are references 
to Dunstone, Freestone, Red Marl, Brash, etc., which words Smith 
subsequently used. In some cases, the colouring is remarkably like that 
adopted by Smith. We know that for several years he regularly 
attended the meetings of various agricultural societies. 


JAMIESON, 1811. 


In the Memoirs of the Wernerian Society, Vol. I., pp. 149-161, 
1811, Prof. Jamieson in an article “‘On Colourmg Geognostical 
Maps,” stated that “the structure of geological maps, upon the 
plan of representing by colours the succession of the strata or formations, 
was also devised by Werner; so that it would seem, upon the whole, 
that a system coincident with the principles of Mr. Smith, so far as they 
extend, had been delivered in the publications and lectures of Werner 
before the period when the latter began his investigation of the 
neighbourhood of Bath.” Werner’s printed publications being few, 
however, it is difficult to trace the precise extent of his work. 


The writer in The Edinburgh Review * stated that “Since the 
date of Lister’s project for ‘a soil, or mineral map,’ there have been 
published, we believe, some attempts at a geological map of England, 
but we have not been so fortunate as to see them ; and of the numerous 
continental maps, those of the older German writers, of Guettard in 
France, and the recent publications of the Wernerian school, are the 
only ones that have fallen within our examination. The maps which 
Buache published between 1745 and 1761, are described as relating 
more properly to physical geography than to geology ; and they pro- 
ceed upon a visionary hypothesis, about a certain framework or skeleton 
of the earth, which the author imagines to consist in chains of mountains, 
traversing the islands as well as continents throughout the face of the 
globe. The object of Guettard, in his improved collection of 1775, was 
merely to mark upon ordinary maps, in the characters employed by 
chemists, the several mineral substances found at each place; a plan 
obviously very defective and radically different from that which 


* loc. eit., p. 321. 
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expresses the order of the strata, by colours. The maps referred to 
by the late M. Desmarest, as annexed to the Encyclopedie Methodique, 
-have not yet appeared. But that author insists upon the great in- 
struction to be derived from combining vertical sections with hori- 
zontal maps, and the benefit arising in general from even the attempt 
to reduce to maps, the results of geological investigation.” 


JAMES PARKINSON, 1811. 


In the first volume of the quarto Transactions of the Geological 
Society of London, 1811, p. 525, is a paper on “‘ Observations on some 
of the Strata in the Neighbourhood of London,” by James Parkinson. 
He states that the method of identifying fossils with particular strata 
was “long since recommended by W. Smith, who first noticed that 
certain fossils are peculiar to and are only found lodged in, particular 
strata ; and who first ascertained the constancy in the order of super- 
position, and the continuity of strata of this island.” He adds 
that “‘ these observations have also lately occurred to Messrs. Cuvier 
and Brongniart whilst examining into the nature of the strata in the 
neighbourhood of Paris.” 
quotation :— 


The following is a translation of Parkinson’s 


“This constancy in the order of superposition of the thinnest of 
layers and along an .extent of 12 myriametres (75 miles) is, in our 
opinion, one of the most remarkable facts that we have established 
in the course of our researches. From them, for the arts and for 
geology. should result consequences the more interesting the more 
certain they are. 


“The méthod that we have adopted for recognising in the middle 
of such a large number of calcareous beds, a bed already observed in 
a place a long distance away, is taken from the nature of the fossils 
discovered in each stratum ; these fossils are always in a general way 
the same in corresponding strata, and present differences of species 
sufficiently distinguishable from one system of strata to another 
system. It isa method of examination which has not up to the present 
deceived us.” eon ; 
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SMITH’S GEOLOGICAL WORK. 


I propose now to deal with the geological work Smith 
accomplished. 
SMITH, 1799. 


“A Map of Five Miles round the City of Bath, on a scale of one inch 
anda halftoa mile, from an Actual Survey, including all the new roads, 
with Alterations and Improvements to the present time, 1799, Printed 
for and sold by A. Taylor and W. Nayler, Booksellers, Bath.” * 


The map is circular, and fifteen inches in diameter. It bears the 
following inscription in Smith’s handwriting :— 


“Presented to the Geological Society, February 18th, 1851. 
Wm. Smith, Coloured Geologically in 1799.” 


“Though no lines are drawn, Smith’s well-known method of 
colouring the base of a formation with a deep tint, and shading this 
upwards towards the outerop of the next overlying stratum, enables 
us to see how carefully he had mapped all the geological lines around 
Bath. There are only three colours employed on the map and no index ; 
but it is evident that the yellow tint represents the Bath Oolite, the 
base of the freestones being very accurately mapped so that even the 
smallest outlines can be made out agreeing most closely with the map 
of the Geological Survey ; a blue tint is drawn at the base of the Lias, 
and a red one at the base of the Trias, the inliers of Carboniferous 
being left blank.” 


This “may be justly regarded as the oldest geological map in 
existence.’+ Itis hung in the library of the Geological Society, Burling- 
ton House. 


SMITH. 1800. 


In 1800 Smith coloured a geological map connecting the structure 
of the north of England with the structure of the South-western districts, 
and delineating the whole oolitic series through England, in some places 
very correctly, and in all with a general approach to accuracy. This 


* This excellent map, though with the date in one place altered 
to 1800, but with 1799 in another, appears in a fine work, ‘‘ The His- 
toric and Local New Bath Guide,”’ 12mo, 160 pp., and there can be no 
doubt Smith obtained it from this source, and added the colours.—T.S. 


7 J. W. Judd.—Wm. Smith’s MS. Maps, Geol. Mag., 1897, pp. 439- 
447, » 
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map, in 1831, was in the possession of John Phillips, the Curator of 
the York Museum.* It appears to be lost now. 


SMITH, 1801. 


“ General Map of the Strata found in England and Wales, by Wm. 
Smith, Surveyor, 1801.” 


The geological features are coloured on a copy of Cary’s index to 
the Map of England, which measures 11 inches by 9 inches. On the side 
of the map is written, “Wm. Smith, Midford, near Bath,” and on the 
bottom, “Presented to the Geological Society by Wm. Smith, February 
21, 1831,” all the inscriptions being in Smith’s own writing. 


“The colours adopted . . . appear to have been very similar 
to those used in Smith’s later engraved maps. There is nothing in the 
way of an index of colours attached to this first geological map of 
England and Wales, but, by reference to the author’s later publications, 
it is not difficult to determine what the several bands of colour are 
intended to indicate. The formation of which the outcrops are repre- 
sented range from the chalk to the Old Red Sandstone, the colours 
employed being eight in number, though a number of other signs, 
indicating collieries, mines, and slate quarries, adds much to the 
valuable information supplied by this remarkable map. The strata 
represented are, in descending order, as follows :— 


1. Chalk (green). 

2. “Sand of Portland Rock” with which is confounded (as m 

later maps) the Carstone of Norfolk (purple). 

3. Oxford Clay (“ Clunch Clay ”’ of Smith) (grey). 

4. Oolite. The Outcrop represented is that of the Great Oolite 
of the Bath area, and of the Inferior Oolite both south 
and north of that area (yellow). 

. Lias (dull blue). 

. Trias and Permian (“‘ Red Marl” of Smith) (light red). 

7. Carboniferous Limestone, with which is confounded the Mag- 
nesian Limestone (bright blue). 


orn) | 


* See Prof. Sedgwick’s Address, Proc. Geol. Soc., Vol. I., 1834, 
p- 273. 
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8. Old Red Sandstone (reddish brown).” * 


This map, the first sketch towards Smith’s great map of 1815, is 
hung in the library of the Geological Society. 


SMITH, MS, 1801. 


Among the papers left behind by Smith was one dated 1801, 
which was probably the work Smith had in mind when issuing his 
first prospectus in 1800. It is entitled: “ Plan of the Work: To be 
divided into Two Parts.” The First of which should treat of the struc- 
ture of the earth, or general disposition of the most remarkable known 
strata, collected from the best authorities, and arranged according 
to the order discovered in England, and the Second should enter into 
the particulars of each stratum, with the fossils and minerals that have 
hitherto been discovered, with their connection and dependence one 
upon another. Though it is impossible for the labours of an individual 
ever to acomplish a thousandth part of what is proposed by this section ; 
yet when a system is established which has Nature for its prototype, 
every one will be enabled to contribute his mite, and carry it on from 
time to time, till after ages may get a tolerable description of the 
habitable world, 


““ Many sections of the strata, in different directions, will be 
necessary to show their various inclinations. In the general section, 
each principal stratum should be numbered with progressive numbers, 
beginning at the eastern strata of the kingdom; or, till that can be 
accurately ascertained, at some stratum that forms a grand feature 
therein, As for instance, the chalk which I would call No. 1; and those 
lesser strata which are contained within it, or generally attached to it, 
or form any subdivisions therein, I would call la, 1b, 1c., &c. If any 
thin stratum should be omitted, or a new one discovered, it may be 
brought into those numbers, by making it laa, &c. , 


‘* After the general section of a country or district, should follow 
-a large section of each stratum, with its concomitant small strata ; 
with drawings and descriptions of such peculiarities as the principal 
stratum, or those connected with it, are found to contain; whether 
the exuviae of marine animals, vegetable impressions, or fossil wood, 
coal, and metal of every description. 


* J. W. Judd., Geol. Mag., 1897, pp. 446-7. 
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“The same numbers which refer to the section, may refer to an 
explanation of the chemical properties of each substance, so far as 
discovered. This may be placed at the end of a book, or make a 
separate volume where those properties may be more minutely examined 
than can consistently be done in the body of the work, which is in- 
tended to form a true representation of the order of Nature, with no 
more digressions from the main subject than are absolutely necessary 
to make it intelligible. Plates should be bound up at the end of each 
volume, in a peculiar manner; these, as well as the strata, to make 
them more striking, should be coloured. 


“The Second Section of the work may be divided into chapters, 
each stratum making a chapter or division, to which its name in con- 
spicuous characters should stand as a title. The names of particular 
substances described in this division should also appear conspicuous 
and striking as well as the places they are found at, or near to; and a 
more particular section will accompany each part of the work, with a 
map divided into squares, or published in parts, which may be united 
together, and form a complete map and general section on a large 
scale. [Query, Map of each Stratum 7]. 


‘“The chemical part, which refers to the other by the numbers, 
may be arranged under the heads Iron, Coal, Limestone, &c. By this 
means those veins which lhe very distant from each other, will admit 
of an easier comparison. This should form a summary of the more 
useful minerals.’’ * 


Fortunately we are able to show precisely what claims Smith had 
to priority in the way of geological mapping. When the first Wollaston 
Medal was awarded to him in 1831 he presented to the Society “ some 
documents referred to in the president’s address.”” These were :— 

(1) A Table of the Order of Strata, and their imbedded Organic 
Remains, in the vicinity of Bath ; examined and proved prior to 1799, 

(2) A map of the country five miles round Bath, on the scale of 
one and a half inches to the mile. ‘“‘ Coloured geologically in 1799, by 
William Smith.” 

(3) The first draft of a geological map of England and Wales, 
entitled ‘‘General Map of Strata found in England and Wales, by 
William Smith, surveyor, 1801.” 


——— 


* See Phil. Mag., Jan., 1833, pp. 48-9. 
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. 


These documents, already referred to, were carefully preserved by 
the Society, though they are now considerably faded, and the old varnish 
on them does not add lustre! A few years ago they were carefully 
copied and critically examined by Professor J. W. Judd,* copies being 
placed in the Science Museum at South Kensington ; the library of the 
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Plan of Bath, upon which Smith’s first Geological Map is based. Reduced from 
‘*The Historic and Local New Bath Guide.” 1799. 


Geological Society ; the Natural History Museum, South Kensington ; 
and the British Museum Library at Bloomsbury. By the help of Mr. 
C. Davies Sherborn and Mr. Parsons, I am able to give reproductions 
of the photographs in the Natural History Museum, South Kensington, 
as these show the details more clearly than would photographs of the 


* William Smith’s Manuscript Maps, Geol. Mag., 1897, pp. 439-447. 
H 
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originals in the Geological Society’s possession (Plates X.-XII.). I also 
give a reproduction (reduced) of the circular map in The New Bath 
Guide which was the basis of No. 2. 


The first in the list is described by Phillips* :— 


“One day, after dining together in the house of the Rev. Joseph 
Townsend (29 Pulteney Street, Bath) it was proposed by one of this 
triumvirate (Smith, Richardson and Townsend) that a tabular view 
of the main features of the subject, as it had been expounded by Mr. 
Smith, and verified and enriched by their joint labours, should be 
drawn up in writing. Richardson held the pen and wrote down from 
Smith’s dictation, the different strata according to their order of 
succession in descending order, commencing with the Chalk, and 
numbered in continuous series, down to the Coal, below which the 
strata were not sufficiently determined. To this description of the 
strata was added, in the proper places, a list of the most remarkable 
fossils which had been gathered in the several layers of rock. The 
names of these fossils were principally supplied by Mr. Richardson, and 
are such as were then, and for a long time afterwards, familiarly em- 
ployed in many collections near Bath. Of the document thus jointly 
arranged, each person present took a copy, under no stipulation as to 
the use which should be made of it, and accordingly it was extensively 
distributed, and remained for a long period the type and authority 
for the descriptions and order of superposition of the strata near Bath.” 


The table referred to, bears the following inscription in the hand- 
writing of Smith :—‘‘ This Table of Strata, dictated by myself, is in 
the handwriting of the Rev. Ben” Richardson, and was first reduced 
to writing at the house of the Rev. Joseph Townsend, Pulteney St., 
Bath, 1799. William Smith.” 


This important table of strata is reproduced in Phillips’s “Memoirs” 
(p. 30) and many of the names there given are still in general use. 


The headings are “‘ Strata; Thickness; Springs; Fossils; Petri- 
factions, etc., etc.; Descriptive Characters and Situations. The 
Strata given are (1) Chalk, (2) Sand, (3) Clay, (4) Sand and Stone, (5) 
Clay, (6) Forest Marble, (7) Freestone, (8) Blue Clay, (9) Yellow Clay, 


* Memoirs, p. 29. 


Smith’s Geological Map of the District near Bath. 


Yorks. Geol. Soc., Vol. XIX. Plate XJ. 
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(10) Fuller’s Earth, (11) Bastard ditto and Sundries, (12) Freestone, 
(13) Sand, (14) Marl Blue, (15) Lias Blue, (16) ditto White, (17) Marl 
Stone, Indigo and Black Marl, (18) Red-ground, (19) Mill Stone, (20) 
Pennant Street, (21) Grays, (22) Cliff, (23) Coal. 


The fossils of No. 11 are: “‘ Striated cardia, mytilites, anomie, 
pundibs and duck-muscles ”’ (sic), and of 12: “‘ Top covering anomize 
with calcareous cement, strombites, ammonites, nautilites, cochlie 
hippocephaloides, fibrous shell resembling amianth, cardia, prickly 
cockle, mytilites, lower stratum of coral, large scollop, nidus of the 
muscle with its cables.’ 


With regard to the second document in the series, as Prof. Judd 
points out, it is “‘even more interesting, as it may justly be regarded 
as the oldest geological map in existence, if we distinguish geological 
from agricultural or soil maps... . How far William Smith was in 
advance of his contemporaries, is shown by a comparison of this map 
of William Smith, showing carefully indicated lines of outcrop, with the 
excellent map of the Environs of Paris by Cuvier and Brongniart (1809) 
in which colour is spread over the areas occupied by the several for- 
mations, without any clear and definite indications of the actual limits 
ot the outcrops. The colours used by Smith in this map were the same 
as those employed by him in the later maps of 1801 and 1815, and 
thus we have in it the first indication of a scheme of colour now very 
generally adopted by geologists.” 


The third document is a copy of Cary’s Index to the Map of England 
coloured geologically. It has the manuscript title, “ General Map of 
Strata found in England and Wales by William Smith, Surveyor, 
1801.”* (See under Smith, 1801). This map was the basis of his later 
map of 1815. ‘‘Certain omissions and errors are noteworthy as 
affording the clearest evidence that the map was actually constructed 
at the date written upon it (1801), and that it had no additions made to 
it at a later date. .The absence of any colouring for the Tertiary 
Strata of East Anglia and the London and Hampshire Basins, for the 
Wealden area, and for the Jurassic district of the Eastern Moorlands 
of Yorkshire, are especially striking in this connection.” 


* It now bears the signature and date :—‘‘ W. Smith: Feb. 2lst, 
1831,” this having been put on at the time the document was handed 
to the Society. 
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SMITH’S PROSPECTUS, 1801. 


In 1801 a 4-page 8vo prospectus was issued by W. Smith, dated 
at “‘ Midford, near Bath, June Ist, 1801.’’ It was entitled :— 


‘“ PROSPECTUS OF A WORK, / ENTITLED / ACCURATE DELINE- 
ATIONS / AND / DESCRIPTIONS / OF THE / NATURAL ORDER / OF THE 
VARIOUS / STRATA / THAT ARE FOUND IN DIFFERENT PARTS OF / 
ENGLAND AND WALES: / WITH PRACTICAL OBSERVATIONS / THERE- 
on. / By Wixi1AM Situ, / LAND-SURVEYOR AND DRAINER, / AND 
MEMBER OF THE BATH AGRICULTURAL SOCIETY,” etc. 


It was evidently intended to be fairly comprehensive, as we learn 
that “‘the Philosopher may derive an inexhaustible fund of valuable 
information. The miner may learn more readily, as well as more 
certainly, to trace the course of his ore ; and, while his ideas are extended 
a curiosity will naturally be excited, that may pave the way to new 
and unthought-of discoveries. The various artists employed in building, 
from the humble Mortar-maker to the enlightened Architect, must all 
be interested in a method of discovering sand, clay, stone, slate, and 
other materials, and of selecting with certainty such as are best. Fullers, 
Founders, Glass-makers, etc., will learn where to send for earths and 
sands of the qualities best suited to their respective purposes; and 
sources of supply will, probably, be opened in places of which they now 
entertain no idea. Chemists, Colour-men, Vitriol, Alum, and Salt- 
makers, will learn how to trace the materials they have occasion for ; 
and will be enabled frequently to obtain, at once, the different advan- 
tages of more convenient situations, smaller expense, and an improved 
quality. The Canal Engineer will be enabled to choose his stratum, 
find the most appropriate materials, avoid slippery ground, or remedy 
the evil. The Building Contractor may also form his estimates with 
more certainty to himself, and more satisfaction to his employer, by the 
experience he has had, and the observations that he will be lead to make 
on similar works in a like stratum. Brick-makers, Potters, and others, 
are also interested in a knowledge of the correct Theory of those mater- 
ials which furnish their sole employment. Indeed, there are but few 
of the most necessary occupations of life, that may not derive from this 
Work some useful hint or improvement.” 


Further, ‘“‘ The discovery of this regularity in the process of Nature, 
led the author to a complete knowledge of all springs, and the Drainage 
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‘* All Nature is but Art unknown to thee; 
All Chance, Direction which thou canst not see; 
All Discord, Harmony not understood ; 
All partial Evil, universal Good.” POPE. 


IT cannot be necessary to use many words in pointing 
out, to persons of judgment and discrimination, the uses to 
which discoveries of the nature above alluded to, may be 
applied ; for what can be of greater importance in human 
science, than a Complete Theory of the Soil, which man is 
under a divine injunction to cultivate ahd replenish, that he 
may derive from that labour his daily subsistence? As on 
this particular province, therefore, depends the acquisition, 
not only of his own conveniencies and comforts, but those of 
every other creature that has been subjected to his will, too 


Printed by B. M‘*Millan, Bow.street, Covent-garden, 


Fac-simile, very slightly reduced, of the first page of Smith’s Prospectus of 1&0], 
with Smith’s handwriting. The words “befor Title” are in pencil ; ; 
possibly in another hand. 
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of Wet- Lands, which he is now practising in different parts of the 
kingdom, in the fullest confidence of being able to effect a complete 
cure on the most difficult subject of experiment.” 


On page four are the following “ Conprrions.”” “ The Work will - 
be comprized in One Volume, 4to. Price, to subscribers, Two Guineas ; 
to be paid on the delivery of the Work, which will be published in 
November next. 


‘The subject cf discussion will be arranged under the separate 
heads of Sand, Chalk, Free-Stone, Coal, &c., &c., in the same succession 
as they are found in the earth. 


‘ A correct map of the strata will be given ; describing the general 
course and width of each Stratum on the surface ; accompanied by a 
General Section, shewing their proportion, dip and direction; and 
referring to the Map by corresponding numbers and proper explanations. | 


“The Maps and Sections, to make them more striking and just 
representations of Nature, will be all given in the proper colours.” 


The Prospectus in the Geological Society’s possession bears the 
following inscription in Smith’s own handwriting: “An Original. 
Presented to the Geological Society, February 18th, 1831, by Wm. 
Smith.” 

The proposed work was not issued, principally through the failure 
ef the publisher, Debrett. Part of it was incorporated in the “ Strati- 
graphical System of Organised Fossils, 1817,” on the title page of the 
Geological Society’s copy of which the Prospectus, the only one I have 
been able to find, is pasted. 


MAP OF SOMERSET»HIRE, 1805. 


In this year Smith had completed a large and detailed Map of 
Somersetshire, and it was publicly exhibited and described at meetings 
of the Agricultural Society, etc. It was also shown in a form not quite 
go advanced, at a meeting of the Agricultural Society at Bath in 1799. 
Unfortunately this map is lost. 


“ TREATISE ON IRRIGATION,” 1806. 
On the title page of Smith’s “Strata Identified by Organised 
Fossils ’’ (1816) reference is made to his book “* A Treatise on Irrigation.” 
This work at first I had great difficulty in tracing. I was told that 
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there was not a copy in the Library of the Geological Society in London ; 
but later one was found, the Title, as mis-quoted by Phillips, apparently 
being misleading. Phillips, in his Memoir of Wiliam Smith, makes only 
a very brief reference to it (p. 49) and adds, “ It has long been out of 
print.” That was in 1844, and I feel sure that even Phillips never saw 
a copy, especially as the title given by him is nothing like that given 
on the work itself. As Phillips was born in 1800, he would only be a 
boy of six when the book was published. 


However, after repeated advertising in the second-hand book- 
trade journals, and searching in innumerable channels, I was at last 
successful in securing a copy. It is 8vo in size, bound in boards. On 
the back is a label. ““Smith on Water Meadows, &c.”’; and on the 
front, “Smith / on / Water Meadows, / Draining, / Peat Bogs, / and 
other Improvements.” The title page, however, reads :— 


‘“‘ OBSERVATIONS / ON THE / Utitity, ForM AND MANAGEMENT / 
or / WaTeR MEeapows, / AND THE DRAINING AND [RRIGATING / OF / 
Prat Bogs, / witn / AN ACCOUNT OF PRISLEY Boe, / AND OTHER / 
EXTRAORDINARY IMPROVEMENTS, / CONDUCTED FoR / His GRACE 
THE Duxke oF BepForp, / THomas W1111AM CoxgE, Esq., M.P./ anp 
OTHERS ; / By Wiii1aM Smits, / ENGINEER AND MINERALOGIST. / 
Norwich : PRINTED FOR JOHN HARDING, 66, St. JAMES’S STREET, 
/ Lonvon, / 1806.” 


On the back of the title page, at the bottom, is the imprint :— 
“Printed by Bacon, Cockney Lane, Norwich.” 


The ‘‘ Contents”? reads :—‘ Dedication, Preface, Introduction, 
The Origin and Antiquity of Water Meads, Their Advantages, Their 
Formation, Their Management, Low Meads and Marshes, The Prisley 
Bog, Various Water Meads, Lexham Water Meads, Ancient Water 
Meads, Conclusion.”’ The Volume has v.+121 pages, and two plates ; 
No. 2 (frontispiece) “ Plan of a Water Meadow made out of that part 
of a Bog on Prisley Farm which was attempted to be drained in 1795, 
completed by Wm. Smith 1803”; and Plate I., ‘‘ Plan of a Water- 
Meadow, made out of a Bog at Prisley Farm, belonging to His Grace 
the Duke of Bedford, by Wm. Smith, 1803. Containing 9 acres.”* 


* The method of shading, as shown on these plans, is very similar 
to that in some of the old County Agricultural Surveys already referred 
to. 
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In this book William Smith frequently gets away from his 
subject, and his lengthy sentences take some following. Perhaps I 
may quote three, taken from his Preface :—‘‘ The want of the know- 
ledge of lines and levels, in the generality of our farmers, may enable 
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Fac-simile of Title of Smith’s ‘‘ Treatise on Irrigation,” reduced. 


us to account for the neglect of the important aid they afford ; and there 
can be no doubt but it would be much better for society, and much 
more condusive to improvements in agriculture, if farmers’ sons were 
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well instructed in practical geometry and the use of mathematical 
instruments, with the principles of machines intimately connected 
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Fac-simile of plate in Smith’s ‘‘ Treatise on Irrigation,” reduced. 


with their profession, instead of spending their time in learning latin, 
or pursuing other studies, for the attainment of which, not one out of a 
hundred has any occasion. This misapplication of time in early youth, 
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is of much more consequence to society, than one half of the world 
is either aware of or inclined to believe. Youth is the time for collect- 
ing the useful information which lays the foundation of that knowledge, 
which is so highly beneficial to ourselves and society—for any man who 
employs his thoughts, may have an opportunity of making many 
serviceable observations, and suggesting hints for the purposes of 
improvement, without being educated as an author.” 


“This,” he tells us, “has been my own case”! He was also 
fond of “ poetry,” good sprinklings of which occur among the pages. 
I will quote one sample :— 


‘““ Where barren moss or thistles only grow ; 
Where bogs their brown and useless herbage shew ; 
Where burning suns and dusty blowing sands 
With poverty o’erspread surrounding lands ;— 
In meads where stagnant waters starve the soil, 
There prove thy art, and there direct thy toil. 
Tho’ nature on thy infant efforts frown, 
Rich plenty shall maturer labours crown ! 
If art and science point the prudent way, 
Where flocks and herds their annual tribute pay.” 


These lines almost suggest that Smith ‘made them up as he 
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went along. 


The evidence of “ Strata’’-Smith being the author of this book 
appears at different places. On p. 54, after stating that he had to 
take up all the drains made on Prisley Bog by his predecessor, he 
adds :—‘‘ Hence it appears necessary for the designer of plans of 
irrigation to be fully master of the art of draining, which cannot be 
well understood but by a knowledge of the strata.” And again (pp. 
20-21): “‘ Having been much accustomed to make particular remarks 
on the appearance of the country, in the course of numerous and ex- 
tensive journies for the purpose of business and collecting information 
on the strata, it may not be amiss to point out some of the places 
which appear to be equally calculated for improvement by irrigation.” 


From a list of ‘‘ Books on Agriculture, Farming, &c., Printed for 
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J. Harding, 36 St. James’s Street, London.” it seems that Smith’s 
Treatise was sold for 8s.* 


Trecently saw a second copy of this scarce work for sale in Quaritch’s 
Catalogue, and obtained it. The title page of this is different from that 
of the first. Except with regard to very slight differences in the 
spacing, due to the re-making up of the form of type, it is the same 
as the title page of the volume already described, as far as the words, 
“* Engineer and Mineralogist.’’ From this point the second copy reads : 
“Norwich: printed by R. M. Bacon, Cockey Lane; and sold / by 
Longman, Hurst, Rees and Orme, Paternoster Row, / London ; and 
all other booksellers. / 1806.’’+ | 


This difference on the title page does not necessarily imply that 
there were two editions, or even two impressions. It probably merely 
means that each London bookseller wanted his own name on the title 


page. 
NAILSEA COLLIERIES, 1811. 


In 1811 was published, in connection with the Bristol and Taunton 
Canal, the “ Reports of Mr. Wiliam Smith and Mr. Martin, on The 
Strata of the Collieries at and near Nailsea’ (8 pp., f’cap, with plan 
and sections).{ Smith’s report occupies pages 2 and 3, and he is of 
opinion that there is a sufficient supply of workable coal to justify the 
construction of a canal to the collieries. It is written from “15 
Buckingham Street, York Buildings, London,” and is headed “ Bristol, 
July 1, 1811.” 


* Smith’s book is the fourth on the list, and it is worthy of note 
that the first three are of distinctly Yorkshire interest, viz :— 

AN Essay on the means of improving POOR SOILS, where lime 
and manure cannot be had. By Dr. JoHN ALDERSON, Hull. A new 
Edition improved, 8vo., 2s. 

A Short Account of the DISEASES OF CORN, by Sir JosrerxH 
Banks, BArRT.: a new Edition, with a letter from T. A. Knicut, Esq., 
on the causes of Blight, and on a method of raising later crops of Garden 
Pease. 8vo. with a Plate, 2s. 6d. 

Observations on the GRUB, and on the means of preventing 
the Ravages of Insects: by Wiutitiam Stickney, of Hedon. 8vo, 
Second Edition, ls. 6d. 


7 In this case there is no printer’s imprint on the back of the title 
page. The copy in the London Geological Society’s Library is similar 
to this one. 


t A copy is preserved in the Library of the Geological Society. 
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SMITHS MAP OF ENGLAND AND WALES, 1815. 


Smith’s great work, of course, was his wonderful large map of 
England and Wales, projected in 1801, but not finally published until 
fourteen years later. This delay certainly resulted in there being much 
more detail upon it. No fewer than 20 different colours are used in 
the map, in addition to which three uncoloured spaces occur in the 
legend. | 


The map measures 6 feet by 84 feet and the scale is five statute 
miles to aninch. It includes England, Wales, and that part of Scot- 
land occurring below a line drawn from the Forth of Tay westward. 
The inscription reads :— 


“A / DELINEATION / OF THE / STRATA / OF / ENGLAND AND 
WaLeEs, / WITH PART OF / SCOTLAND ; / EXHIBITING / THE COLLIER- 
JES AND Mines, / THE Marsues anp Fen LANDS ORIGINALLY 
OVERFLOWED BY THE SEA, / AND THE / VARIETIES OF Soi / ACCORD- 
ING TO THE VARIATIONS IN THE SUBSTRATA, / ILLUSTRATED BY THE 
MOST DESCRIPTIVE NAMES / BY W. SmirH. / To THE RiGuT 
Honsie. Sir JosepH Banks, Barr., P.R.S. / Tus Map is By 
PERMISSION MOST RESPECTFULLY DEDICATED / BY HIS MUCH 
OBLIGED SERVANT, / W. Smiru, Avast. 1, 1815.” 


The imprint reads: “ Published by J. Cary, 181 Strand, Londen ; 
August Ist, 1815.” . 


Opposite the Humber Mouth, on the area occupied by the North 
Sea, is a “‘ Sketch of the Succession of Strata and their relative Alti- 
tudes.” * And my copy contains the signature in ink, “‘ Wm. Smith— 
a, 32 in Smith’s own handwriting ! 


Measurements in feet of the greatest heights are given. The 
mountainous tract, with Snowdon, Scafell, Skiddaw, etc., is coloured 
and shown as “‘ Killas and Slate,” with patches of “ Granite.” Next 
in the ‘‘ VALE oF WYE”’ the “‘ Red and Dunstone,”’ and “ Limestone.” 
Still coming south-east, are the “‘ Coalmeasures,” the highest joint of 
which is shown as Crossfell; there is another bed of ‘‘ Limestone,” 
and then, in the “ VALE or Severn,” “ Red Marl,” “ Inas” and 
y Blue Marl.” Nextisa band, coloured red, not lettered, but evidently 


* An outline of this is given on Plate XVI., Fig. 3 
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intended for the “‘ Under Oolyte.”’ The “‘ Freestone”’ follows. The 
greatest heights are “1,134 [feet] near Cheltenham” and “ 883 
Stow on the Wold.” The “ Vaue or Isis” is next, with “‘ Forest 
Marble,” “‘ Cornbrash,” “‘ Clay,” “ Sand,” “‘ Limestone,” and “‘ Sand”? ; 
then “ Chalk,” and, in the ‘“‘ Vate or THames ” “ Brickearth’”’ and 
“ London Clay.” 


The Strata all dip to the South-east, the dip being at a less angle 
as the low ground is reached. The formation of the valleys and escarp- 
ments is clearly shown. 


In the space to the west of the Bristol Channel is the following 
*“* EXPLANATION ” :— 


=a * London Clay of Harrow, Highgate and Shooters Hills. 
a ee tee? Clay and Brickearth, with some Sand and Gravel. 
| Sand and Light Loam. 

eae |. Chalk. 

/ | Green Sand, parallel to the Chalk. 

| Blue Marl, or Oaktree Soil. 

| 


| Purbeck Stone, Kentish Rag, and Limestone of the Vale 
of Pickering. 


eee Iron Sand or Carstone. 


aa Clunch Clay or Shale, Vales of North Wilts. and 
Bedford. 


Cornbrash Inmestone. 

Forest Marble and Clay. 

Great Oolyte or Bath Freestone. 

Under Oolyte. 

Blue Marl Pastures of the Midland Counties. 
Blue and White Inas Iimestones. 


| 
| 
| 
Be ee 
pace cet 


* These tablets are coloured on the original to match the colours 
on the Map and Section. 
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| Red Marl, Millstone and Breciated (sic) Limestone. 


| - Magnesian Limestone. 


|  Coalmeasures—Penant paving Grindstones and Mill- 
stones. 


+? The Coal. 


RESTING ON SANDSTONE. 


| Derbyshire Limestone. — 


Red and Dunstone, Brecon and the South Eastern Part 
of Scotland. 
| Various Alternations of Hardstone, Limestone and 
Slate. 
| Killas and Slate of Cornwall, Devon, Wales, Westmore- 


land and Scotland. 
|  Granit (sic) Sienite and Gneiss. 


TS Canals marked by strong lines thus. 
—=----- Ce Tunnels. 
ates Rail Roads. 


aie Other Roads. 


+o? ....- Collieries . 
ie ies ces Pee oe Lead Mines. 
ore tag aes Copper Mines. 
ve "e ve or Tin Mines. 
see { Salt and. 


| Alum Works. 


The Figures shew the Altitude in Feet above the Level of the Sea. 


Salt Works in the Redland of Cheshire,—Shirlywish near. 
Stafford and Droitwich near Worcester. 


Alum Works,— North York Moors.” 
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Professor Judd* admirably summarises the main defects of this 
map :—‘‘ The representation of the Tertiaries was very inadequate, 
no indication of the Crags being given, the Isle of Wight Tertiaries, 
the Bagshot Beds of Southern England, and the Boulder-clays of East 
Anglia being all confounded together, and the relation of these to the 
London Clay being left obscure. The Wealden Area was altogether 
unsatisfactorily treated, the argillaceous strata being coloured as 
“‘ Oaktree Clay ” and the arenaceous as ironsand (Lower Greensand, 
etc.). Lastly, the Jurassic estuarine strata of North Yorkshire were 
confounded with the “ carstone and ironstone ”’ of the South-East of 
England. On the other hand, it is interesting to note that Smith 
had already learned at this early date the existence of strata lying be- 
tween the Old Red Sandstone and the slaty rocks of Wales and Cumber- 
land. These bave a tablet assigned to them in his legend with the 
description, ‘‘ various alternations of hardstone, limestone and slate,” 
though the information he possessed was not sufficient to enable him 
to extend proper colours for them to the map. This is probably the 
earliest notice of the strata afterwards made so famous by the re- 
searches of Murchison and his coadjutors.”’ 


The copy described above is evidently one of those “‘ Mounted on 
canvas, fitted in a case for Travelling,’ which was sold at £7 Os. 0d. 


Recently I have been fortunate enough to obtain another copy of 
this map, which gives us some additional information. It is in a 
wonderfully clean state, the colours being quite fresh. With it is a 
copy of the Memoir, in the original binding ; and a copy of the original 
prospectus of the map, which I had not previously seen. This last is 
a small quarto four-page sheet, on the front of which is :— 


= ine. cit, p. IO!. 


This Day is published, by Joun Cary, No. 181, Strand ; 
(Dedicated, by Permission, to the Right Honourable Sir JosEPH Banks, Bart., President of 


the Royal Society, and "Sanctioned by the BOARD OF AGRICULTURE, the Roya. INSTITU- 
TION, and the Society OF ARTS, MANUFACTURES, AND COMMERCE .) 


A MAP 


OF THE 


TRA TA 


OF 


ENGLAND AND WALES 


WITH PART OF 


SCOTLAND; 


EXHIBITING THE 


COLLIERIES, MINES, AND CANALS, 


THE 
MARSHES AND FEN-LANDS ORIGINALLY OVERFLOWED BY THE SEA, 


AND THE 


Varieties of Soil, 
According to the VARIATIONS in the SUBSTRATA : 


Tilustrated by the most descriptive Names of Places and of Local Districts ; 


SHOWING, ALSO, 


THE RIVERS, SITES OF PARKS, AND PRINCIPAL SEATS OF THE 
NOBILITY AND GENTRY, 


THE OPPOSITE COAST OF FRACS, 


And the LINES of STRATA neatly coloured. 


By WILLIAM SMITH, Mase SURVEYOR. 


EES eESEeEeeEOeeEeEeeSs er ee  eeeeeeeeeeEOeeEOeese 


MR. J. CARY takes the liberty of informing the Patrons 
and Subscribers to the Map of the Strata of England and Wales, by 
Mr. Smith, Mineral Surveyor, that the Copies are now ready for delivery. 
On the other side 1s annexed the Price of the Maps in Sheets, and in the 
various ways of Mounting; and Mr. C. entreats that the Subscribers, on 
ordering their Copies, will have the goodness to inform him in what way they 
would prefer to have them sent. 


London, 181, Strand. 


Pe ee a a ee 
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And on the back is :— 

“The Map is engraved on a Scale of Five Miles to an Inch, and 
consists of Fifteen large Sheets. Size, when mounted, 8 ft. 9 ins. by 
6 ft. 2 ins. 


Price, in Sheets, with the Memoir _... ms HS 6 
Mounted on Canvass and Rollers __.... = .0*0 
Ditto, ditto, and varnished ... 2 ae 8 0 0 
Ditto, fitted in a Case for Travelling sy 0-0 
Ditto, on Spring Rollers os ss a3 10 0 0 
Ditto, ditto, varnished = ne 0 PO 0°’ 


This prospectus gives, for the first time, information as to the 
different forms in which the map was published. Although the pros- 
pectus begins “ This day,” it is not dated, not even the year being 
given, but presumably it should bear the same date as the map, viz., 
August 1, 1815. 

My second copy is evidently one of those described as “ Price, in 
Sheets, with the Memoir, £55s.0d. It isin fifteen sheets, each measur- 
ing 234ins. by 20 ins.” The “ Sketch of the Relative Succession of 
Strata and their Relative Altitudes,” as in the previous map, bears 
the autograph signature of Wm. Smith; in this case, however, with 
“No. 78” added. Mr. C. Davies Sherborn informs me that the copy 
in the Natural History Museum, South Kensington, is signed, and with 
“a 61,” and a further example just obtained from Messrs. Wesley’ 
& Sons, is numbered 96, so that it would seem that Smith autographed 
a number of his maps, but not all; as a nearly complete copy of the 
map in the London Geological Society’s library (which map is intact 
so far as this Section is concerned), contains neither signature nor 
number. A map recently for sale by Messrs. Wheldon is neither 
signed nor numbered. Another map, recently purchased by the 
National.Museum of Wales, is signed, and numbered 60. 72. 


The fifteen sheets in this second map (7.e. No. 78), are carefully 
mounted on guards, and bound up in a contemporary half-leather 
cover. But it contains a map or an extra sheet, which I had not seen 
before.* This is headed ‘‘ General Map ” and is a reduced facsimile 
of the large map, without the geological colours. It covers precisely 
the same area as the large map, and is divided into fifteen rectangles, 


* I have since obtained a second copy of this “‘ General Map.” 
I 
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numbered i.-xv. in Roman numerals, to correspond with the numerals 
on the sheets of the large map. It measures 144 by 19} inches, though 
it is printed on paper to correspond in size with the other fifteen sheets. 


Some idea of the amount of work connected with these maps 
may be gathered from the following extract from Smith’s diary :—* 


“May 14, 1815.—Began at nine in the morning with an artist to 
colour for me the first printed copy of the ‘ Map of the Strata’ on 
canvas. 


“May 22, 1815.—Finished colouring the first ‘ Map of the Strata ’ 


on Canvas. 


‘“ May 23, 1815—Attended a meeting of the Board of Agriculture 
with the first finished copy on canvas of my ‘ Map of the Strata.’ ’’+ 


This was the map for which the Society of Arts awarded Smith 
the premium of £50. 


1815. 


Smith’s second book appeared nine years after his “‘ Treatise on 
Irrigation,”’ the same year in which his large coloured Geological map 
was issued. The volume is entitled: “A Memoir /to the / Map and 
Delineation / of the / Strata / of / England and Wales, / with part of / 
Scotland. / By / Wiliam Smith, / Engineer and Mineral Surveyor. / 
London: / Printed for John Cary No. 181, Strand. / 1815. . 


The dedication reads: “To the Right Honourable Sir Joseph 
Banks, Bart., President of the Royal Society, and the most general 
promoter of science; this work, by his particular encouragement 
advanced to its present state of perfection, [i]s most gratefully and 
respectfully Dedicated, by his obliged humble servant, William Smith. 
London, August 1, 1815.” Then follows a list of about 400 subscribers 
to the work. 


* Phillips’s Memoirs, p. 77. 


+ That Smith was familiar with the value of plants in geological 
mapping is shown from the following extract from a letter to the Rev. 
B. Richardson, dated Feb. 11th, 1813:—‘‘ As the season for a revival 
of the locality of indigenous plants is just approaching, I hope you will 
not forget to make a complete list of them on each stratum. ‘This, 
with your able assistance, would form a most interesting chapter, and 
would serve to draw the attention of many to the subject of strata who 
probably might otherwise never think of it.’”—-Memovrs, p. 75. 


— we oe 


pa “Dae en ee A 


“a i ii a 2 
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A 


MEMOIR 


£0 THE 


MAP AVD DELINEATION 


C? THE 


STRATA 


OF 


ENGLAND AND WALES, 


WITH PART OF 


SCOTLAND. 


En ea 


BY 


WILLIAM SMITH, 
ENGINEER AND MINERAL SURVEYOK. 


LONDON: 


PRINTED FOR JOHN CARY, NO. 181, STRAND. 
1815. 


Reduced copy of the title-page of Smith’s ‘‘ Memoir to the Map, ete. 


126 WILLIAM SMITH: HIS MAPS AND MEMOIRS 


The volume, which consists of 51 quarto pages and two folding _ 


tables, is divided into four sections, viz., “Introduction,” ““Explanation 
of the Subject of Strata, and of the Colours by which they are represented 
on the Map,” “General Account of the Soil and Substrata in the 
Respective Counties,’ and “ Characteristic Distinctions of Soil and 
Surface in the Courses of the respective Strata, described in the Order 
in which their edges successively terminate.” 


Ostensibly the volume, as the title indicates, is a companion to 
the map, respecting which Smith says*: ‘‘ After twenty-four years of 
intense application to such an abstruse subject as the discovery and 
delineation of the British Strata, the reader may readily conceive the 
great satisfaction I feel in bringing it to its present state of perfection. 
The chances were thought much against my ever completing it on a 
map, of the greater part of our island, large enough to show the general 
course and width of each stratum of the soil and minerals, with a section 
of their proportions, dip, and direction, in the colours most proper to 
make them striking and just representations of nature; and which 
is the first general mineralogical survey of the island.” 


The following extract, taken from pp. 2-3, is probably the first 
published statement in his own words of the great discovery which he 
made in reference to different strata having typical fossils, in whatever 
district found ; an axiom which forms the foundation of the science 
of geology :— 


“The immense sums of money imprudently expended in 
searching for coal and other minerals, out of the regular course of 
the strata which constantly attend such productions; and in 
forming canals, where no bulky materials were afterwards found 
to be carried upon them; prove the necessity of better general 
information on this extensive subject. And I presume to think, 
that the accurate surveys and examinations of the strata, as well 
near the surface of the earth as in its interior, to the greatest 
depths to which art has hitherto penetrated, by the sinking of 
wells, mines, and other excavations, to which J- have devoted 
the whole period of my life, have enabled me to prove that there is 
a great degree of regularity in the position and thickness of all 
these strata ; and although considerable dislocations are found in 


* In the Introduction. 


ce agree 


i ee, a 


No. I. 


Order of the STRATA and their embedded ORGANIC REMAINS, in the vicinity of BATH; 
examined and proved prior to 1799. 


Descriptive Characters and Situations. 


Strata. Thick- Springs. Fossils, Petrifactions, &c., &c. 
ness 
| ati (| Echinites, Pyrites, Mytilites, Dentalia, funnel-shaped Co-\ 
LChalkipee rece 300 | ee ees 1 rals, and Madrepores, Nautilites, Strombites, Cochlie, 
Ostrex, Serpule ... 
2. Sand 70 3 . 
{ a 
BiGlayiocceeceess 30 Black Dog and 
(| Berkley. 
{| Hinton, Norton |) 
4, /Saddiand Stone’) — 80:4 |/Woolvertomy moi |P crelctecsistes/ocsisistdietsiarahite|iiua-uusteisivrais cielo otviw sivisisistereta7e Sasrnoo ( 
(| Bradford Leigh. |} ( 
6, Clay ..... Anan 15 
6. Forest Marble .| 10 | ......0.see0+ {| A mass of Anomiz and high-waved Cockles, with calca- ) 
| ( reous Cement. ......sssesssecscrncs seen es eeneeeenes j 
7. Freestone ..... CD Fail Wemercieetehtsteteintaieis Scarcely any Fossils besides the Coral ...........0+0000 | 
( 
8. Blue Clay a 6) 
9. Yellow Clay ... 8) 
10. Fuller'sEarth .| 6 24 
11, Bastard ditto, |) go Striated Cardia, Mytilites, Anomiaw, Pundibs, and Duck- 
and Sundries |) muscles. 
Top-covering Anomie with calcareous Cement, Strom- 
= bites, Ammonites Nautilites, Cochlia Hippocephaloides, 
12. Freestone...... 80 fibrous Shell resembling Amianth, Cardia prickly 
Cockle Mytilites, lower Stratum of Coral, large Scol- 
lop, Nidus of the Muscle with its Cables. aly 
ASS Sand occ eks oy 30 Ammonites, Belemnites . . 
14. Marl Blue ..... 40 Pectenites, Belemnites, Gryphites, high-waved Cockles.... { 
15. Lias Blue ..... 25) Same as the Marl with Nautilites, Ammonites, Dentalia [ 
16. Ditto White .. 16) and Fragments of the Enchrinni............ Naat ene | 
li. wo Stone ) 
ndigo and Hire! Wvarcaets eeeeee +++| Pyrites and Ochre . 
Black Marl a op 
18. Red-ground .... 180 y i! Wits ds \< [ 
10: Milsone | No Fossil Slriownirass ¢0/,00siv-afeniants Sain aids spate weet eis | 
| 
20. Pennant Stone.) ..... | ......eeseeee ..| Impressions of unknown Plants resembling Equisetum. 
15 Grae eiiioic's aic|nems'oina | eee e wee eeeee] cere ee cer csesaerenseneseeeerennce a voncetenenesce ss 


22. Cliff .. 


23. Coal. 


Impressions of Ferns Olive, stellate Plants, 
parviflora or Dwarf Fan Palm of Jamaica 


Threnax- ) 
Jd 


Strata of Silex, imbedded. 


The fertile vales intersecting Salisbury Plain and the Downs. 


Imbedded is a thin stratum of calcareous Grit. The stones 


flat, smooth and rounded at the edges, 


The cover of the upper bed of Freestone, or Oolyte. 


Oolyte, resting on a thin bed of Coral.—Prior Park, South- 
stoke, Twinny, Winsley, Farley Castle, Westwood, Ber- 
field, Conkwell, Monkton Farley, Coldhorn, Marshfield 
Coldashton. 


Visible at a distance. by the slips on the declivities of the 
hills round Bath. 


Lincombe, Devonshire Buildings, Englishcombe, English- 
batch, Wilmerton, Dunkerton, Coomhay, Monkton 
Combe, Wellow, Mitford, Stoke, Freshford, Claverton, 
Bathford, Batheaston, and Hampton, Charlcombe, Swains- 
wick, Tadwick, Langridge. 

Sand Burs 

Ochre Balls.—Mineral springs of Lincombe, Middle Hill, 
Cheltenham 

The fertile Marl lands of Somersetshire. Twerton, New- 
ton, Preston, Clutton, Stanton Prior, Timsbury, Paulton 
Marksbury, Farmborough, Corston, astreet, Burnet, 
Keynsham, Whitchurch, Salford. Kelston, Weston, 
Pucklechurch Queencharlton, Norton-malreward Knowle, 
Charlton, Kilmersdon, Babington. 


= 


A rich manure. 


Pits of Ruddle, Beneath this bed no fossil, shells, or animal 
remains are found: above it no vegetable impressions, The 
waters of this stratum petrify in the trunks in which they 
are conveyed, so as to fill them, in about fifteen years, with 
red Watricle, which takes a fine polish.—Highlittleton. 


Fragments of Coal and Iron Nodules.—Hanham, Brislington 
Mangotsfield, Downend Winterbourn, Forest of Dean, 
Pensford Publow, Chelwood, Cumptondando, Hallowtrow 
near Stratford on Avon, Stonebench on the Severn, four 
miles from Gloucester, 


Stourbridge. or Fire-clay- 


Ny 
Se ren ee tne ied whaatoe aye ss Taree Ed We ee 


To face page 127. 
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collieries and mines, and some vacancies in the superficial courses 
of them, yet that the general order is preserved ; and that each 
stratum is also possessed of properties peculiar to itself, has the 
same exterior characters and chemical qualities, and the same 
extraneous or organised fossils throughout its course. I have, 
with immense labour and expense, collected specimens of each 
stratum, and of the peculiar extraneous fossils, organic remains, and 
vegetable impressions, and compared them with others from very 
distant parts of the island, with reference to the exact habitation 
of each, and have arranged them in the same order as they lay 
in the earth; which arrangement must readily convince every 
scientific or discerning person, that the earth is formed as well as 
governed, like the other works ot its great Creator, according to 
regular and immutable laws, which are discoverable by human 
industry and observation, and which form a legitimate and most 
important object of science. The discoveries and improvements, 
both in mining and agriculture, which are now confined to a few 
parts of the kingdom, may be fully extended to many more, and 
in some degree to all, by a better knowledge of geology; and a 
faithful general view of the soil and substrata of our island (in 
which no beds are omitted that can well be described in such a 
map) will be found a work of great convenience, in considering 
the various applications which are made to the legislature for canals, 
roads, and railways alone.” 


The first table in the volume, facing page 8, is entitled ‘‘ Order of 
the Strata and their imbedded Organic Remains, in the Vicinity of 
BaTH ; examined and proved prior to 1799.” Its remarkable state 
of completeness is due to the exceptional opportunities Smith had for 
examining that area. Details of 23 different beds are given,commencing 
with ‘“ chalk,” and ending with “Coal.” The particulars are classified 
under the heads of “Strata; Thickness; Springs; Fossils; Petri- 
factions, &c., &c.; Descriptive Characters and Situations.” (See 
adjoining table No. 1). 


The “ Fossils,” etc., in Chalk are given as “ Echinites, Pyrites, 
Mytilites, Dentalia, Funnel-shaped Corals, and Madrepores, Nautilites, 
Strombites, Cochliz, Ostreee, Serpule.”’ 


And in the Coal, ‘“‘ Impressions of Ferns, Olive, Stellate Plants, 
Threnax-parviflora, or Dwarf Fan Palm of Jamaica.” 
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One wonders what Smith would think if he could see the lists of 
fossils from those beds to-day ! 


Of this Bath list Smith says :— 


‘‘ The annexed Table No. 1, is a copy of the first MS. attempt 
at any regular account of my discoveries in the strata, a copy of 
which being shown to me by the late W. Reynolds of Colebrook- 
dale, about twelve years since, and being assured by him and others 
of its multiplication and general distribution, even to the East 
and West Indies, I am induced to publish it in the original form.” 


Facing page 10 of this work is an “ Explanation of CoLours on the 
Map of STRATA, taken in succession from East to West, as the Strata 
occur.” This may be taken as the first Table of British Strata ever 
published. ‘The beds are divided into “ London Clay, Clay or Brick 
Earth, Sand or Light Loam, Chalk, Green Sand, Purbeck Stone, Iron 
Sand and Carstone, Dark Blue Slate, Cornbrash, Forest Marble Rock, 
Great Oolyte, Under Oolyte, Blue Marl, Blue Lias Limestone, White 
Lias, Red Marl and Gypsum, Magnesian Limestone, Coal Districts.... 
Generally a Sandstone beneath, Derbyshire Limestone, Red and Dun- 
stone, Various, Killas or Slate, Granite, Sienite, and Gneiss.” Many 
of these terms are still in use to-day. In addition to the rocks mention- 
tioned, their equivalents are given, for instance, ‘‘ Purbeck Stone, 
Kentish Rag, and Limestone of the Vale of Pickering.” Chalk, we 
notice, is divided into “‘ Upper Part, soft, contains Flints,” and ““ Under 
Part, hard, none.” 


From the White Lias (which is “ now used for printing from MS. 
written on stone ”’) upwards, is a note “ Part on which Lime is rarely 
used as manure’; while the rocks below are marked “‘ Part on which 
Lime is generally used.” In a further column are particulars of the 
economic value of the different beds, thus opposite “ Coal districts ” 
we find “ Grind-stones, Mill-stones, Paving-stone, Iron-stone, and 
Fire-clay from Coal Districts.” The “ Oolytes”’ are bracketed with 
‘“‘ The finest building stone in the island for Gothic and other archi- 
tecture which requires nice workmanship.” Opposite Upper Chalk 
occurs “ Flints, the best road materials,’ which may have been correct 
in Smith’s days ! 


In the section ‘‘ General Account of Soil and Substrata in the 
respective countries ’’ the description “ will generally be given in the 


No. II. 


Explanation of CoLours on the Map of STRATA, taken in Succession 


from East to West, as the Strata occur. 


to the preceding 


Nos. which refer 
List of Strata. 


~ om or 
— 


London Clay, forming Highgate, Harrow, ) | Septarium. from which Parker’s 
Shooters, and other detached hills ......... } Roman Cement is made. 
oe building Stone in all this ex- 
Clay or Brick-earth, with interspersions of Sand J) tensive district, but abundance of 
REN RMU O Uses for tr ais ols’ sieittaiale ioe aol nis°e exe elejnie S14 © | materials which make the best 
bricks and tiles in the island. 
Sand, or light Loam, upon a sandy or absorbent These strata contain the Potter’s 
SAELVS EMAL IUIUNG cic retails) ote’ ci ote; w aieth al tole, « cei vie)siepaie-*'= Clay, and Sands used for different 
\ purposes. 
chane> | Upper Part, soft, contains Flints ....- Flints the best road materials, 
| Under Part, hard, none ,.....+.++++:- Good Lime for water cements. 
Green Sand, parallel to edge of Chalk ......+++ _ Firestone. and other soft Stone. some 


times used for building. 


Blue Marl, so kindly for the growth of oak as to 
be called in some places the oak-tree soil. 


Purbeck Stone, Kentish Rag, and Limestone of 
the Vale of Pickering. 


Iron Sand and Carstone, which, in Surrey and ) 
Bedfordshire, contains Fuller’s-earth, and, in 
some places, Yellow Ochre and Glass Sand.. j 


Some Lime used on these Sands in 
Sussex and Yorkshire. 


Dark Blue Shale produces a strong clay soil, 
chiefly in pasture, in North Wilts and Vale of 
Bedford. 


Cornbrash, a thin Rock of Limestone, chiefly ) Makes tolerable roads 
MMT it tthe sil ls ais ateows oso 8 ve as ae j : 

Forest Marble Rock, thin beds, used for rough 
Paving and Slate. 


Part on which Lime is rarely used as a Manure 


Great Oolyte, Rock, which produces the Bath The finest building stone in the is- 
TESS COTE Hc cote uratele cia e\eisiss se wrateieréias tle ee ne = 


land for Gothic and other archi- 
Under Oolyte, of the vicinity of Bath and the emt ore! pre eiregnizcs nice work, 
PUIGIAN Gy COUNTIES ico: elec co edcieedeoebs casts P 
Blue Marl, under the best pastures of the midland 
counties. 
Blue Lias Limestone, makes excellent Lime for 
water cements. 
White Lias, now used for printing from MS. 
written on the stone. 
Red Marl and Gypsum, soft Sandstone and Salt 
Rocks, and Springs. 
M ian Li tone.... re 
{ Magnesian anes ed } SEY 2 Ata ee Small quantities of Copper and Lead. 


Coal districts and the Rocks and Clays saan 


accompany the coal .....c.cccccessereccs ee eee Fires 


{stone ro Mill-stones, Paving- 
from the Coal districts. 


Generally a Sandstone beneath. 


Lead, Copper, and Lapis Cala- 


Derbyshire Limestone minaris—Marble. 


| 


thern parts, withinterspersions of Limestone, 
HIM AGACOEA DOUG iricrnrcta sci tiers. pie’ s:¢1 0-0 e: 8c stale oem 
Various. 


Red and Dun-stone, of the southern and ncr- 
\ Some good building Stone. 


The Limestone polished for Marble. 
Tin, Copper, Lead. and other minerals 
{i finest building Stone in the 


tains on the western side of the island with 


Killas, or Slate, and other strata, of the moun- 
interspersions of Limestone, marked blue... } 


Part on which Lime is generally used. 


island for bridges and other heavy 


Granite, Sienite, and Gneiss work. 


Alluvial deposits in low marshy grounds around 
the coast are shaded as original inlets of the sea. 


From Smith’s ‘‘ Memoir to the Map,” 1815. 
To face page 128. 
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order of their appearance on the surface, from east to west.” On 
pp. 33-35 is the account of the geology of our own county, which, 
being one of the earliest of such descriptions, and from the pen of the 
master, we may be allowed to quote :— 


YORKSHIRE. 


‘“ Yorkshire is a county of immense extent, which, in its eastern 
part, comprises all the strata of the southern and eastern counties ; 
its interior, those of the Midland counties ; its western, those of Durham, 
Northumberland, and the part of South Wales which contains the coal. 
Though the hills of the east moors and wolds are high, their altitudes 
are comparatively low to those of the coal-measures in the west and 
north-western parts of the county. 


“ Except the moors and wolds before mentioned, nearly all the 
rest of this vast county has one general declination towards the east, 
from the tops of Whernside and Ingleborough to the mouth of the Hum- 
ber. On the shores of this great estuary, and of the river Trent, and 
others connected with the Humber, are large districts of alluvial and 
low marshy land, evidently formed by a sediment of the sea. The 
strip included between a district of this sort, and the easternmost part 
of the coast, called Holderness, is of the Strata incumbent on chalk, 
and much the same kind of soil as the east part of Norfolk. The wolds, 
on chalk, are as dry, arid, and open as Salisbury Plain. The clay and 
limestone of the Vale of Pickering form a much better soil than that 
which succeeds it to the north and north-west. These dreary and most 
extensive surfaces of brown, rusty-looking ling, upon a substratum of 
soft sandstone, are worse than any other district. The blue clay, or 
surface of alum, shale, which succeeds it in the deep vales of the North 
York moors, and at the foot of them, is not good, and, in some parts 
of the vale of York, seems covered with alluvial sand, which has not 
improved the surface. 


“A redder and much better soil runs through the middle of the 
county, parallel to the magnesian limestone, along the west side of the 
vale of York into Cleveland, and forms some of the best land in York- 
shire. The dry surface of the yellow or magnesian limestone is parallel 
to the red. Its course through the eastern half of the county is along 
the great north road, and in the northern parallel, and very-near to it. 
West of this vast surface of coal-measures, generally producing a poor 
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soil, and more or less productive in coal, rises gradually to the tops of 
the highest hills. _Eminences on its eastern side, with those of the 
wolds and Hambleton hills, seem to form the extreme limits of an 
immense vale, the central part of which is the vale of York. The coal- 
measures form the largest portion of any of the Yorkshire strata. Its 
northern and western parts in Craven and Richmond are beautifully 
interspersed with a rich surface on a substratum of limestone. These 
are the two principal districts of this kind of land which so much 
relieve the general dreariness of surface, occasioned by the bleak high 
and wet moors of the coal measures; but which vast surface is also 
further broken and relieved by various interspersions of the dry and 
rich soil of limestone, in Swaledale, Yoredale and others.” 


This volume was printed by “S. Goswell, Printer, Little Queen 
Street, London.” 


STRATA IDENTIFIED BY ORGANISED FOSSILS. 1816. 
In the following year was published a large 4to volume, entitled :— 


“STRATA / IDENTIFIED BY / ORGANIZED FossILs, / CONTAINING / 
PRINTS ON COLOURED PAPER / OF THE MOST / CHARACTERISTIC 
SPECIMENS / IN EACH / Stratum. / By Witi1am Smita, / MINERAL 
Surveyor, / AuTHoR oF “‘ Map oF THE STRATA OF ENGLAND AND 
WALES,” AND “ A TREATISE ON IRRIGATION.” / LonDoN : / PRINTED 
By W. Arpine, 21, OLD Boswett Court, Carey STREET; / 
AND SOLD BY THE AUTHOR, 15, BUCKINGHAM STREET, STRAND; J. 
SowErRBY, 2, Meap Puace, / LamMBetH; SHERWOOD, NEELY, AND 
JONES, AND Loneman, Hurst, / REEs, ORME, AND BROWN, PaTER- 
NOSTER Row; / AND BY ALL BooKSsELLeRs. / JUNE 1, 1816.” 


Phillips states* that “‘ the first part’ of this work was issued in 
1817, but as two parts were issued in 1816, it is apparent Phillips had 
made a slip. Of this publication Phillips tells us :— 


“In this year (1817) also was issued the first number of another 
work, entitled “ Strata Identified by Organized Fossils,” consisting of 
numerous figures of fossils engraved by Sowerby and printed on paper 
to correspond in some degree with the natural hue of the strata. 
This remarkable work reached its fourth number (only seven were 
proposed). The publication of it was undertaken by Mr. Sowerby, 


* loe, cit.;: p. ‘79. 


a So te See, ee 


WILLIAM SMITH: HIS MAPS AND MEMOIRS 131 


SUWRATA 


IDENTIFIED BY 


ORGANIZED FOSSILS, 


CONTAINING 
Brints on Colored Paper 
OF THE Kost 
CHARACTERISTIC SPECIMENS 


IN EACH 


STRATUM. 


By WILLIAM SMITH, 
MINERAL SURVEYOR, 


AUTHOR OF “ MAP OF THE STRATA OF ENGLAND AND WALES,” AND “ A TREATISE ON IRRIGATION,’ 


Lonvon : 
Printed by W. Arding, 21, Old Boswell Court, Carcy Street ; 


And sold by the AuTHor, 15, Buckingham Street, Strand; J. Sowersy, 2, Mead Place, 
Lambeth; SHerwoop, Neety, and Jones, and Loncman, Hurst, 
Rees, Orme, and Brown, Paternoster Row ; 
And by all Booksellers. 


June 1, 1816. 


Fac-simile of Title ; (reduced). 
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in consequence of an arrangement by which William Lowndes, Esq., 
of the Tax-office, a very strenuous and judicious friend of Mr. Smith, 
advanced £50 to pay for the cost of the first number. The expense of 
this work left to the author very little chance of profit. Mr. Sowerby 
estimated the cost of each number at £50 ; the gross sale price, suppos- 
ing the whole (250 copies) to be sold, would yield £93 15s., from which 
the expenses of publication, bookseller’s charges, &c., were to be 
deducted.” 


Following the title are two pages of InrRoDUCTION, in which we 
are informed that “‘ The Method of knowing the Substrata from each 
other by their various substances imbedded, will consequently shew the 
difference in their soils. All this is attainable by rules the most correct, 
and easily learnt, and also the simplest and most extensive that can 
well be devised ; for by the help of organised Fossils alone, a science is 
established with characters on which all must agree, as to the extent 
of the strata in which they are imbedded, those characters are universal ; 
and a knowledge of them opens the most extensive sources of informa- 
tion, without the necessity of deep reading, or the previous acquire- 
ment of difficult arts. . . . . Fossil Shells had long been known to 
the curious, collected with care, and preserved in their cabinets, along 
with other rarities of nature, without any apparent use. That to which 
I have applied them is new, and my attention was first drawn to them, 
by a previous discovery of regularity in the direction and dip of the 
various Strata in the hills around Bath.” He also points out that the 
fossils prove “two distinct operations of water,” viz., those occurring 
in their original matrix in the strata, and the “alluvial fossils,” or 
derived fossils, found in gravels. 


In the next two pages (1 and 2), “ Strata with organized fossils,” 
is a summary of the country’s rocks and their localities. “The 
northernmost of the three principal portions, North and South of the 
Humber, is small, long, and narrow, lying low, and as yet little known 
for organized Fossils, except large bones washed out of the crumbly 
cliffs of Holderness, which correspond with those washed out of similar 
cliffs on the coast of East Norfolk, Suffolk, Essex, East Kent, and South 
Hants.’ Pages 3-4 are devoted to “‘ London Clay,’ with particulars 
of soil, subsoil, excavations, etc., origin of the same, area of outcrop, 
Lists of Fossils, etc. Similar information is given in reference to Crag 
(pp. 5-6); Upper Chalk (pp. 7-8); Lower or Hard Chalk, frequently 


OT abnd oonf' of TTIX ME “NIX ‘19d “008! 7004) '8y4OX “90 


‘(peonpo.) siissog ypeqo aoddyg jo |p| ofquy, Jo ojruuts-ov yy 


as, TARAS . 
(ea ienee ne: stetipiy UP Yo ROMY GT | SU J? 2d tT 9 
4 ; 
E J sagnpod S4Y8tof ]] aAdts() ab Pate [RYS P fo PApOs MONAT TC 
See | ¥ 
aanpapeng QE my enUeyYy “OT uur sindey ayo spear. $ 
® papnnias yhoo SALOYS OT La srrea an mppungns WPA ated ep | ean, 
te : : apeUDdy po PAY Pe | 
snlpas davgs ang yrin 47004 SYLUUS: FL | Malang 8 %; ; v1 Mae a 
: - “4> . id > » 72 pigea? 
« gies maads snuryoy PerPowOyty CT GN” apuudzag 2 ip payeUH? oC Lon ager” UY A TIA 


‘ 


MIVA Whe) i sia Sen 


Cu sit ih CRS eo as hae ERT a ao EE ae Naa ace oe anc NS, a ai oes pie ond Biol | 


a « 
¢*% 
? 
‘ 
5 
x 
- 
- 
- ; 
ad 
- 
= 
. 
‘ 
r 
. y 
efi 
rd ta hs 
’ 
-*. 
& soa Ae 
iFaltat> Ry 
gh Se 
athe 
» en rot 
A tl aN, oe 
Ree ON leo 
“_- =? 
Wi 
ata ae 
b., 7 nie | 
Re alee ot 
bane ah Pgh 
AS ie 


Ae" 


j , 
r “5 -» 
A vty? 
a 
x 
: 
; a 
' 
i. 
a 
a 
. 
. 
af 
f. 
= 
j ~ 
{ 
<2 bd 
> ey 


ots 


WILLIAM SMITH: HIS MAPS AND MEMOIRS 133 


called Grey Chalk (pp. 9-10) ; Class of Strata beneath the Chalk (p. 11) ; 
Green or Chlorite Sand (p. 12); Micaceous Brick Earth (p. 13) ; [page 
14 blank]; Portland Stone (pp. 15-16); Oak Tree Clay (pp. 17-18) ; 
Coral Rag and Pisolite (pp. 19-20) ; “ Clunch Clay and Shale (pp. 21-22) ; 
Kelloways Stone (pp. 23-24); Cornbrash (pp. 25-26); Forest Marble 
(pp. 27-28); Clay over the Upper Oolite (p. 29) ; Upper Oolite, or 
Calcareous Freestone (pp. 29-30); Fuller’s Earth Rock (pp. 31-32). 
The series ends here, somewhat abruptly. 


The plates are very beautifully drawn and coloured, apparently 
by Sowerby, though no reference to this fact appears to occur in the 
book. They are printed on tinted papers, carefully selected to match 
the colour of the respective rocks. Where it has not been possible to 
match the colour exactly, white paper has been tinted the required 
colour, before the drawings have been made. There are nineteen in 
all (unnumbered), as under :— 


(1) Tooth of Mastodon. 

(2) London Clay Fossils.* 
(3) Craig (szc). 

(4) Upper Chalk.+ 

(5) Lower Chalk. 

(6) Green Sand. 

(7) Ditto. 

(8) Brick Earth. 

(9) Portland Stone. 
(10) Oak-Tree Clay. 
(11) Coral Rag and Pisolite. 
(12) Ditto. 
(13) Clunch Clay and Shale. 
(14) Kelloways Stone. 

(15) Cornbrash. 
(16) Forest Marble. 
(17) Clay over the Upper Oolite. 
(18) Upper Oolite. 

(19) Fuller’s Earth Rock. 


The copy in the library of the London Geological Society is identical 
* This plate has the words “‘ Brit. Min., 246,’ evidently a reference 


to Sowerby’s book. 
+ Reproduced on Plate XIT. 
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with my own, with the exception that in the former the plates are 
engraved with the numbers, viz. :— 


Mastodon Tooth is Tab. 1. 
London Clay is Tab. 2. 

Craig is T. 2 [error]. 

Upper Chalk is Tab. 3 [error]. 


In the London copy the covers are fortunately preserved, and each 
one is dated. Part I. besides title and 2 pages of Introduction, con- 
tains 8 pages and the above-mentioned four plates. 


Part II. issued on October 1st, 1816 ; pp. 9-16, and 5 plates. 


Part III. [date torn off, but from the advertisement on Part IV., 
was evidently September 1, 1817]; pp. 17-24 and 5 plates. 


Part IV., is merely dated “1819,” and contains pp. 25-32 and 5 
plates. 


On Part IV. it is stated that the work is “To be comprised in 
Seven numbers, 7s. 6d. each”’; but apparently no more were issued. 
Probably the delay in the publication (it took three years to publish 
four parts) was partly responsible. 


SMITH’S STRATIGRAPHICAL SYSTEM, 1817. 
In 1817 was published a 4to volume entitled :— 


““STRATIGRAPHICAL SysTEM / oF / ORGANIZED Fossits_ / 
WITH / REFERENCE TO THE SPECIMENS / OF / THE ORIGINAL GEO- 
LOGICAL COLLECTION / IN THE / British Museum: / EXPLAINING / 
THEIR STATE OF PRESERVATION / AND / THEIR USE IN IDENTIFYING / 
THE / British Strata. / By / Witiatm Smits, / Civit ENGINEER 
AND Minera Surveyor; / Author of a “‘ Treatise on Irrigation,” 
a “Map and Delineation of the Strata of England and Wales,” with 
a | Memoir, “ Strata identified by Organized Fossils,” “ Geological 
Section” and “ Table.” | Lonpon : / PRINTED FoR EK. WILLIAMS, 
BooKSELLER TO THE PRINCE REGENT, AND TO THE DUKE AND 
Ducuess oF York, / No. 11, Srranp, NEAR CHARING CROSS; AND 
SOLD BY ALL OTHER BOOKSELLERS IN THE Kinepom. / 1817.” 


Below is written on the Geological Society’s copy: “ Purchased 
with part of fund for procuring cabinets, Books and Maps.” My copy 
has scribbled across it, ‘‘M.H. Humphreys, Surgeon, Thame, Oxon.” 
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On the back of the title is the imprint “ Cox and Baylis, Printers, 
Great Queen Street, / Lincoln’s Inn Fields.” 


STRATIGRAPHICAL SYSTEM 


or 


ORGANIZED FOSSILS, 


WITH 
_REFERENCE TO THE SPECIMENS 


or 


THE ORIGINAL GEOLOGICAL COLLECTION 


IN THE 


BRITISH MUSEUM: 
EXPLAINING 
THEIR STATE OF PRESERVATION 
AD 
THEIR USE IN IDENTIFYING 


THE 


BRITISH STRATA. 


BY 
WILLIAM SMITH, 
CIVIL ENGINEER AND MINERAL SURVEYOR ; 
Aathor of a “* Treatise on Irrigation,” a “ Map and Delineation of the Sireta of Enziand azd Piaies,” with « 
Memoir, “ Strata identified by organized Fossils,” “ Geological Section” axd ‘* Zable.” 


LONDON: 


Printed for E. WILLIAMS, Bookseller to the Princz ReGznt, and to the Duxz end DucuEss or Yor=, 
No, 1], Strand, near Charing Cross; and sold by all other Booksellers in the Kingdom. 


1817. 
Fac-simile of Title-page (reduced). 


_ Then follows “ Part I. Contents,” with particulars of the contents 
up to page 113. Below is “ Indexes to Genera and Species and to their 
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Localities will be given in the succeeding part of the work; and the 
characters of the Genera will be explained. Part IT. which completes 
the Work, will be speedily published.” This Part II. however, never 
appeared. 

From the “ Introduction ” we learn that “‘ This novel and inter- 
esting description of near seven hundred species of Fossil Shells, Zoo- 
phites, and other organized Fossils, found in England and Wales, and 
collected in identification of the Strata, refers particularly to the 
specimens of a geological collection deposited in the British Museum. 
On the specimens, Roman capitals mark the genus,—the figures 1, 2, 
3, &c, refer to the species —and the small letters, a, b, c, &c., to the 
localities or sites in the Strata.”’ 


“This copious reference to the stratum which contains the Fossils, 
to the particular site therein whence obtained, and to the individual 
specimens in the collection, which is intended to be publicly exhibited 
in the British Museum, seemed to render figures of them unnecessary ; 
especially as reference is constantly made to another work of the 
Author’s now publishing by Mr. Sowerby, which consists chiefly of 
engravings; and as further reference is also made to the numerous 
figures of Sowerby’s Mineral Conchology.” 


The ‘“‘other work”’ referred to is “‘ Strata identified by Organized 
Fossils,” just described. 

Smith goes on to tell us, in his characteristic way, that “ The 
virtuoso will therefore now enter upon the study and selection of Or- 
ganised Fossils with the twofold advantage of amusement and utility. 
The various component parts of the soil, and all the subterraneous 
productions of his estate become interesting objects of research ; the 
contents of quarries, pits, wells, and other excavations, hitherto thought 
unworthy of notice, will be scrupulously examined.” And later :— 


‘“‘ This particular branch of geology has already proved that a large 
portion of the earth once teemed with animation, and that the animals 
and plants thus finely preserved in the solid parts of the earth’s interior, 
are so materially different from those now in existence, that they may 
be considered as a new creation, or rather as an undiscovered part of 
anold creation. They are chiefly submarine, and as they vary generally 
from the present inhabitants of the sea, so at separate periods of the 
earth’s formation they vary as much from each other ; insomuch that 
each layer of these fossil organised bodies must be considered as a 


GEOLOGICAL TABLE OF BRITISH ORGANIZED FOSSILS, 


WHICH IDENTIFY THE COURSES AND CONTINUITY OF THE STRATA IN THEIR ORDER OF SUPERPOSITION ; 


AS ORIGINALLY DISCOVERED BY W, SMITH, Civil Engineer ; 


WITH REFERENCE TO 


GEOLOGICAL MAP OF ENGLAND AND WALES. 


HIS 


Organized Fossils which Identify the 
respective Strata. 


Names of Strata on the Shelves of the 
Geological Collection, 


Volute, Rostellaria Fusus, Certthta Nautili, 
Teredo, Crabs Teeth, and Bones ...-....++++ 
Murices, Turbo, Pectunculus, Cardia, Venus 
OSE cs cues evscvcansccntnvevsctensencies 


Flint, Alcyonta, Ostrea, Echini ....Plagiostoma .. 


Terebratula, Teeth, Palates ....... Plagtosioma .. 
Funnelform Alcyonia, Venus, Chama  Pectines, 
Terebratiles, Ensnt coccccccseccsvcerveres 


Belemnites, Ammonites ... 


Turritella, Ammonites, Trigonice, Pecten, Wood ... 


Trochus, Nawlilus, Ammonites in Masses ~ 


Ostrea 
(in a bed) Bones ... ? 


Various Madrepora, Melania, Ostrece, Echini, and 
Spines 


Belemnites, Ammonites, Ostrece 


Ammonites, Ostree 


Modiola, Cardia, Ostrea, Avicula, Terebratule .... 


Pectines, Teethand Bones, Wood 


Pear Encrinus, Terebratula, Ostree 


Madreporet .....0+.005 . 


Motioler; Cardia ..ceccceusecstevsecsecusevece 


Madrepora, Trochi, Nautilus, Ammonites, Pecten . 


Ammonites, Belemnites as in the under Oolite 


Numerous Ammonites ... 


Belemnites, Ammonites in mass 


Pentacrint, Numerous Ammonites, Plagiostoma 
Ostrea, Bones....... ‘ 


Madrepora, Encrini in Masses, Producti .. 


Coal Tract. 


Chalk Hills. Plains. 


Se 


Clay Vales. 


‘ales. Stonebrash Hills. 
ee _ 


Marl ¥ 


Colours on the 
Map of Strata. 


Names in the Memoir and the Peculiarities 


Products of the Strata 


London Clay 


o 


Chalk 


Green Sand 


Brickearth .. 


Portland Rock 


Oakiree Clay 


Coral Rag and Pisolite 


Clunch Clay and Shale .......... f ‘ ny 


Kelloways Stone 


Cornbrash .. 


Sand and Sandstone ....... Pvevenseeses 
Forest Marble ....... ne evg pueeesus ene 
Clay over the Upper Oolite ........000+ ) 
Upper Oolite ......... jb $odcacoone. ) 


Fuller's Earth and Rock . 
Under Oolite ... 
Sand . 


Marstons vesasevesenvesthonsies essa 


Blue Marl .. 


| 
| of the Strata. 


London Clay forming Highgate, Harrow, Shooters 
| and other detached Hills 


(Hate 
| r 
Sand and Light Loam upon a Sandy or absorbent \ 
ISLOSUPALMVieateinits)elsterw ebsteirieiane iatelaatere siete ) 


lchalk Ubber part soft contains flints .. 
‘ Lower part hard contains none .. 


\Green Sand Parallel to the Chalk . 


Blue Marl 


Purbeck Stone, Kentish Rag and Limestone ) 
ofthe Vales of Pickering and Aylesbury... j 


Iron Sand and Carstone which im Surry and) 
Bedfordshire contain Fuller's Earth and 
in some places Ochre and Glass Sand ..} 


Dark blue Shale producing a strong Clay soil 
chiefly in Pasturein North Wilts and Vale of 
Bedford 


Cornbrash A thin Rock of Limestone chie/ly arable \ 
lying in Clay 


——_——————|Forest Marble Rock thin Beds used for rousl 


Paving and Slating...cccccccsececeeeeeee 


Great Oolite Rock whtch produces the Bath Free- 
stone 


Under Oolite of the Wicintty of Bath and the 
Midland Counties ....++4+++ Cedcodorrions 


———__—————Blue Marl under the best pastures of the Midland 


Counties . 
Blue Lias . 


White Lias .. 


Red Marl and Gypsum 
Rocks and Springs 


soft Sandstones and Salt 


{ Magnesian Limestone | 
Soft Sandstone 


Numerous Trials for Coal. 


Septariwn from which Parker's Roman 
Cement ts made, 
No Building Stone in all this 
(leeraner District but Abundance 
of Materials which make the Best 
Bricks and Tiles in the Island. 
| Potters Clay, Glass Grinders Sand, and 
Loam and Sands used for various 
{ purposes. 


Flints the best Road Materials. 
Good Lime for Water Cements, 


Firestone and other soft Stone some- 
times used for building. 


The first Quarry and Building Stone 
downward in the Series 
Kimmeridge Coal. 


( Fuller's Earth, Ochre and Glass Sand 
Some Lime used on these Sands 
( in Sussex and Yorkshire. 


Makes Tolerable Roads. 


Coarse Marble, rough Paving and Slate 


Part on which Lime is rarely used as a Manure- 


( The finest Building Stone in the Island 
for Gothic and other Architecture 
i which requires nice workmanship. 


Excellent Lime for Water Cements. 
Now used for printing from MS. 
written on the Stone. 


Small quantities of Copper and Lead 
and Calamine. 


3 
a > 
7 : Coal Districts and the Rocks and Clays which | ra 3 ( Grindstones, Millstones, Pavingstone, 
Numerous Vegetables, Ferns lying over the Coal... ea) a) the Coal generally a Sandstone |'= 3 | ieee and Fireclay from the 
encath 2 5 0 astricts. 
Madrepora, Encrint in Masses, Producti, Trilobites Derbyshire Limestone or Metallijerous Limestone .. |Q & Lead, Copper, Calamine, Marble. 
b Red and Dunstone of the Southern and Northern ) 3 5 ee 
a bone Interspersions of Limestone marked 8 = Some good Building Stone. 
iS TPC ore MCOCISORE IC DO OrCOCEI I ge = Pa} 
= Il. alleles 
= + | Killas s 
= een e eee ee sec sep ene Kitlas ov Slaten and other Strata of tie Mountainson) |= ‘2 The Limestone Polished for Marble. 
= aa Stee of ee ute with Tierra a cits j S i; Tin, Copper, Lead and other Minerals. 
3S | leranite, Siens : of Limestone marked blue . . g 2 aes i 
ranite, Stentle and Gneiss .. = S ( The most durable building stone in the 
Granite Sienite and Gneiss . eee § { SE jor Bridges and other heavy 
a works. 
ee ee ee ae ee ee 


To face pag 137. 
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separate creation; or how could the earth be formed stratum super 
stratum, and each abundantly stored with a different race of animals 
and plants. Surely these innumerable and finely organized fossils 
are not the sports of nature placed there to excite the attention of the 
idly curious, but they must, like the other works of the great Creator, 
have their use.” 

“‘ The chief object of this work being to show the utility of organized 
Fossils in identifying the Strata, nothing further will be attempted 
in the systematic arrangement than is necessary to make the subject 
intelligible; and the numerous useful and interesting deductions 
thence resulting will more appropriately follow than precede the regu- 
lar description of them in the order of strata. The Term ‘ Organized 
Fossils ’ 2s generally applied to all fossil matter that has a relation to the 
form of any organized body, either animal or vegetable. These substances 
are also called ‘Fossils,’ ‘Petrifactions,’ and ‘Organic Remains.’ 

The Introduction occupies pages 111.-x1. 

Then follows a coloured “‘ GroLocicaL TABLE oF BRITISH ORGAN- 
1zED Fosstts, / WHICH IDENTIFY THE COURSES AND CONTINUITY OF 
THE STRATA IN THEIR ORDER OF SUPERPOSITION; / AS ORIGINALLY 
DISCOVERED BY W. Smitu, Civit ENGINEER ; WITH REFERENCE TO HIS / 
GroLocicaL Map or ENGLAND AND WALES.” 

The Table is divided into five columns, viz: “ Organized Fossils 
which Identify the respective Strata,’ “‘Names of Strata on the 
Shelves of the Geological Collection,” “ Colours on the Map of Strata,” 
“* Names in the Memoir and the Peculiarities of the Strata,’ and 
“« Products of the Strata.” (Copy attached). 

Generally speaking the Table is similar to that in “‘ A Memoir to 
the Map and Delineation of the Strata of England and Wales,” 1815, 
already described ; but is more elaborate. 

A note at the bottom of the Table states :—“* From the re-examina- 
tion of the Author’s numerous Specimens in the arrangement of his Geo- 
logical Collection in the British Museum and his subsequent observations, 
this list of the Strata has been improved and his future exertions will be 
in proportion to the encouragement which he receives from the Public. 

This apparently was not much. 

Below this, but outside the border, is “A Geological Map of England 
and Wales on 15 Sheets, dedicated by permission to Sr. Josh. Banks, 
P.R.S., by W. Smith, also by the same author, ‘Strata identified by 
organised fossils.’ Sold by John Cary, 181 Strand, London.” 
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Page 1 begins :— 
“LONDON CLAY 


TESTACEA 
UNIVALVIA 
VOLUTA. 


Voluta spinosa. Sowerby’s Mineral Conchology. Fig. 5 and 6, London 
Clay Plate, Strata identified, &c. A cast of the inside of the shell ; 
oblong, with a short spire and not many volutions, a few longitudinal 
undulations on the upper part of each. 


Bognor.”’ 
Other univalves are dealt with ; then follows BIVALVIA. EQUI- 


VALVED BIVALVES, etc., “ London Clay”? occupying four pages. 
Similar information follows relating to the Crag, Chalk, Green Sand, 
Brick-Earth, Portland Rock, Oaktree Clay, Coral Rag and Pisolite, 
Clunch Clay and Shale, Kelloways Stone, Cornbrash, Forest Marble, 
Clay over the Upper Oolite, Upper Oolite, Fuller’s Earth Rock, Under 
Oolite, Sand and Sandstone and Marlstone. These occupy to page 118. 


Then follows a “‘ Stratigraphical Table of Echini,” and there are 
‘“‘ Observations on Echini,’’ occupying other three unnumbered pages. 


This “‘ Table of Echini” is an extraordinary production. It is 
divided into headings, as under :— 


ANOCYSTI. PLEUROCYSTI. CATOCYSTI. 
—— a 
Cidaris Clypeus SPATANGUS. Conulus Galea 
eas oe) SS SS ae 


Raysin Rays not in 
Furrows. Furrows. 


There are elaborate ‘“‘ Descriptions and Names,” and the “ Strata 
containing Echini” are Chalk, Green Sand, Coral Rag and Pisolite, 
Cornbrash, Clay over the Upper Oolite, Upper Oolite, Fuller’s Earth 
and Rock, and Under Oolite. 

The descriptions of the various species of Echini are somewhat 
quaint ; we quote two :— 

“Oval, very pointed at one end, rounded at the other; rays 
biporous one third of the height downwards from the apex, distinct 
on the base; ridge sharp; apex excentric towards the broad end.” 
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q | “Oval, pointed at one end, high; rays biporous two-thirds of 
the height downwards from the apex ; arce flattened.” 

Fa Of these tables Phillips records that they were “ the first of the 
__ kind ever published.’”* 

; CoMPARISON OF SmiTH’s TABLES OF STRATA. 


The following shows the differences in the tables of strata drawn 
up by Smith between 1799 and 1816. It is taken from Phillips’s 
“Memoirs,” page 146 :— 


Improved Table drawn up in | 
1815 and 1816, after the first 
copies of the Map had been 


Table, accompanying the Map. 


Table drawn up in 1799. drawn up in 1812. 


ee eS 


| 
| issued. 
—- —— 
| 
Remedios Clty on cs ass = s =' | 1. London Clay. 
Clay or Erick-earthiy oj. 2 i255 Sc oie 2. Sand. 
| a.. Crear: 
Sand or Licht Loam: «<1... .. / 4. Sand. - 
eae - J Upper. 
| See JUS ol ages Manas Me Chalk { beer 
eee MAREIRUEEMEG Yeas ss ates bbws 5-8 | 6. Green Sand. 
Ug Ey oe ee | 7. Brick-earth. 
| 8. Sand. 
: Purbeck Stone, Kentish Rag. | 9. Portland Rock. 
) and Limestone of the vales || 10. Sand. 
; of Pickering and Aylesbury || 11. Oaktree Clay. 
| Iron Sand and Carstone...... | 12. Coral Rag and Pisolite. 
| 13. Sand. 
RRND oiaix sis bic wins Be «sais Dac pine Shale |. oss. 53.2 b4 0s | 14. Clunch Clay and Shale. | 
| 15. Kelloway’s Stone. 
| Commbraeht .. 20. 02c i euees cee of 16. Cornbrash. | 
4, Sand and Stone .......... Mer eRe Gress o\cite viele fac ete 17. Sand and Sandstone. 
| ESEDS aie eee / Be te SE CN a Ae Ee 18. DS, SS oS OP | 
i norest Marble ...........+> Forest Marble Rock ........... 18. Forest Marble. 
19. Clay over Upper Oolite. 
WePAECEStONG: . 6 22s a dee eee + Great @ohte Rocks. 56.44% +603 | 20. Upper Oolite. 
Peete lA Y © 5 os vote a x's / 
mevellow Clay .. 22... ccs j 
i105 Puller’s Earth ..........% ea ate or oe Be es | 21. Fuller’s Earth and Rock. 
11. Bastard ditto and Sun-| | . 
ROME fone: aia calshe: e caioacr cy / 
ee EPCSPONC 2626. eee rt cele ac Wnder@otiter. 3: 3 ats ok et). obi | 22. Under Oolite. 
TN tte ae ole AGO ee cms Staeree tie af aay ea wats oe 6 | 23. Sand. 
| 24. Marlstone. 
me mart Dige .....2...2..6.. ee ee ee 25. Blue Marl. 
Lib: ATOM EE Sa BiveW sas oe Aaa ee we. oesx¢ | 26s Blue. Lias. 
ie Witte Laas», . ins ses. ene W Bite aSe ete dees 6 sre 5 = | 27. White Lias. 
17. Marlstone, Indigo and} 
Black Marls PeeWee ee =A ref eevee eeeeees es eesenseeeseeseseee / eee ewww wwe eve ae 8 se 6 6 P66 8 oe 6.6 
Pee ECOG GTOUNG 2... eee es Red Marland Gypsum ........ ioe SS 
EPIMEISTONG ose Feces eens Magnesian Limestone ......... | 29. Redland Limestone. 
Som Sandstoue-.f2 fo. 2655-043. 
a. eernnant Street.......... ) 
iain o Gial Dita ieee... 30, Coal Measures. 
2 So MERE heel eae 
Derbyshire Limestone ......... 31. Mountain Limestone. 
Red and: Dunstone ............ 32. Red Rhab and Dunstone. 
Ue ae ea ar ea | 33. Killas. 
Granite, Sienite and Gneiss..| 34. Granite, Sienite and Gneiss. 
/ 


* Memoirs, p. 79. 
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GEOLOGICAL SECTIONS. 1817-1819. 


Between 1817 and 1819 a series of geological sections was issued, 
prepared by Smith, and published by John Cary. Of these a complete 
set is framed in the Geological Gallery at the Hull Museum; I have a 
set, and the London Geological Society also has a set. It was princi- 
pally the cost of the publication of these which necessitated Smith 


selling his London property, and leaving for Yorkshire, after which 
he published but little. 


The first is a ‘‘ Geological Table of British Organized Fossils.” 
It measures 167 inches by 143 inches (engraved surface) and is very 
similar to that published in his “‘Stratigraphical System of Organized 
Fossils,’ 1817,* see page 154—in fact most of it is apparently from the 
same plate. The chart published independently of the volume, 
however, has much additional information upon it, inasmuch as each 
of the beds is numbered (1 to 34) and a key is given showing exactly 
which beds occur in each county. This occurs below the bottom 
border of the chart, and takes the place of the advertisement of 
his large map, etc., which appears in the earlier issue. On the 
later chart the wording 1s :—‘ The figures of Reference to the Colours 
and Names show what Strata are found in each County—thus to find 
the Strata and Products of Norfolk look to the corresponding figures 
above, 1, 2, 3, 4, 5, 7, 8, 10, & 11.” In this way particulars of the 
beds, etc., occurring in forty counties are given, and also similar 
information for “‘ North Wales” and “South Wales.” At the bottom 
is the imprint: “Sold by John Cary, 181 Strand, London.” 


The following is the list, and it clearly shows the extent of Smith’s 

knowledge of the different strata represented in each county :— 

Bedfordshire, 2, 4, 5, 7, 8, 10, 14, 16. 

Berks., 2, 4, 5, 6, 7,8, 10, 11, 12, 15, 14. 

Buckingham, 2, 4, 5, 7, 9, 10, 11, 13, 14, 16, 18. 

Cambridge, 2, 4, 5, 6, 7, 8. 

Cheshire, 28, 30. 

Cornwall, 33, 34. 


* Prof. Judd places the date of this Section as 1815, the same 
year asthe large Map. The copy in the Geological Society’s Library, at 
any rate, and that in the Hull Museum, must be later than that appear- 
ing in the Volumes for 1817, as it they contain additional figures, etc., 
on the plate. These could not have been erased in the 1817 Volume. 
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Cumberland, 28, 30, 31, 32, 33, 34. 

Derby, 28, 29, 30, 31. 

Dorset, 1, 2, 4, 19, 21, 22, 28, 24, 25. 

Devon, 5, 6, 26, 28, 31, 32, 33, 34. 

Durham, 28, 29, 30, 31. 

Essex, 1, 2, 4, 5. 

Gloucester, 14 to 18, 20 to 29, 30, 31, 32. 
Hants., 1, 2, 3, 4, 5, 6, 7, 8. 

Hereford, 28, 29, 30, 31, 32. 

Hertford, 1, 2, 4, 5, 7. 

Huntingdon, 11, 14, 16. 

Bont, |, 2; 3, 4; 5, 6, 7, 8, 9,10, 11. 
Lancashire, 28, 30, 31, 33. 

Leicester, 22 to 26, 28, 29, 30, 33, 34 

Lincoln, 2, 4, 5, 7, 8, 10, 11, 14, 16, 18, 20 to 26, 28. 
Middlesex. 1, 2, 4, 5. 

Monmouth, 30, 31, 32. 

Norfolk, 1, 2, 3, 4, 5, 7, 8, 10, 11. 
Northampton, 14, 16, 17, 18, 20, 21, 22, 23, 24, 25. 
Northumberland, 29, 30, 31, 32. 

Nottingham, 25, 26, 28, 29, 30. 

Oxford, 4, 5, 7, 8, 9, 10, 11, 12, 13, 14, 16 to 25. 
Rutland, 18, 19, 20, 22, 23, 25. 

Salop, 28, 29, 30, 31, 32, 33. 

Somerset, 5, 6, 7, 11, 12, 14 to 33. 

Stafford, 28, 29, 30, 31. 

Suffolk, 2, 3, 4, 5. 

Surry (sic) , 1, 2, 4, 5, 6, 7, 8, 10, 11. 

Sussex, 1, 2, 4, 5, 6, 7, 8, 9, 10, 11. 

Warwick, 22, 23, 25, 26, 27, 28, 30. 
Westmoreland, 30, 31, 32, 33, 34. 

Wilts., 4 to 25 inclusive. 

Worcester, 22 to 30. 

Yorks., 4, 5, 7, 9, 10, 11, 14, 25, 26, 28, 29, 30, 31. 
North Wales, 28, 30, 31, 32, 33, 34. 

South Wales, 26, 28, 29, 30, 31, 32, 33, 34. 


| The next Section, issued in 1817, which we will call No. 2, is one of 
the most remarkable of Smith’s publications. Of it Judd points out 
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“‘ This very important work illustrates in a remarkable manner the 
clearness of Smith’s views regarding both the underground structure of 
the country and the relation of the forms of the surface produced by 
denudation to that structure.” It measures 531 inches by 12 inches, 
which is larger than the five following sections. It is headed 
“ Geological Section from London to Snowdon, / showing the Varieties 
of the Strata, and the correct altitudes of the Hills. / By William 
Smith, Civil Engmeer / 1817. / Coloured to correspond with his / 
Geological Map of England and Wales. / The numbers refer to the 
geological table by the same author.* / Various heights of hills, ete., 
are given by means of a ‘scale of feet.” On each side of the 
section these range from “ Snowdon 3571 ”’ down to sea level. On 
the left margin of the chart is written :— 


“ THIS SECTION shows correctly the relative altitudes and 
general Features of the Country along the Road through the Places 
marked on it forming an Epitome of BRITISH GEOLOGY, 
naturally and distinctly divided into seven Classes, four principal 
Ranges of High Ground and three of low 

“ The hills thus appear to be chiefly composed of rocky and 
hard Strata & the Vallies of lax and soft 

“The Elevations above the Level of the Sea are obtained from 
the Trigonometrical Survey 

“* Several distant Eminences are shewn.in the respective Ranges 
of Hills 

“ The Contour is unavoidably distorted from the Necessity of 
representing the Distances and Altitudes by different Scales 

““ Some Strata in the Series which are obscure upon this Road 
are very distinct upon others 

“ Further elucidation of the Strata discovered and traced by 
W. Smith are given in his other Works 

“ Geological Map of England Wales—15 Sheets accompanied 
with a descriptwe Memoir £5 5s. Od. 

“* Strata identified by organized Fossils in 7 numbers 7s. 6d. 
each 

“ Stratigraphical System of Organized Fossils 

“ Geological Table &c., &c.” 


*From this it is apparent that the ‘ Geological Table of British 
Organised Fossils > just described, was published first. 
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The Section passes through Worcester and Oxford. The beds are 
named as well as numbered, and in some instances are continued into 
the hills in the distance. Over the Welsh mountains is the word 
“MOUNTAINS” ; after the Severn Valley is “ COAL TRACT,” 
then the MARL VALLES ( Vale of Severn) ; the “STONEBRASH 
HILIS,’ CLAY VALES (Vale of Isis, Vale of Aylesbury), 
“CHALK HILLS,” and “ PLAINS” (Vale of Thames). 


Under the Mountainous area is written “MI NERAL DISTINC- 
TIONS. Mines and Minerals are all within this Part of the Series, 
chiefly in the Limestone beneath the Coal and in the Central Part of the 
Killas—Iron-works in the Coal Tract. Under ‘‘ Coal Measures ”’ :— 
““ More than 20 Veins of Coal are discovered and worked in different 
Parts of the Coal Tract.” Under “ Red Marl and Sandstone ” :— 
“ Gypsum, Salt Rock and Brine Springs.” Under “ Blue Marl” :— 
“« The hot Waters of Bath rise to the Surface through this Stratum. Chel- 
tenham and other Mineral Springs in its Course.’ Beneath the Section 
between Oxford and London :—The light and dry soils of the Chalk 
and Stonebrash Hills are chiefly appropriated to Sheep and Corn Farms 
and the heavy Soils of the Plains, Clay Vales, and Marl Vales, to Dairies 
and Grazing.” 


Below the border is the imprint :—‘‘ Lonpon: PUBLISHED BY 
J. Cary, MApseELier, No. 181, Stranp, Jury 15Tu, 1817.’’* 


The next Chart (No. 3), was issued in 1819, and measures 36 inches 
by 103 inches. It contains two sections, viz., “GEOLOGICAL VIEW 
AND SECTION OF NORFOLK” and “‘ GEOLOGICAL VIEW AND 
SECTION THROUGH SUFFOLK TO ELY.” 


The first begins at Lynn on the west, and cuts through E. Dereham, 
Norwich and Loddon to Yarmouth, and the positions of the river beds 
are shown. Beneath Lynn is written “CLAY VALES. MARSH- 
LAND.’ Beneath W. Lexham “CHALK HILLS. Flock District,” 
and towards the east end of the Section “ PLAINS. Interspersed with 
Marshes.” 


* This particular section is reproduced to illustrate an article by 
Dr. Fitton, ‘‘Notes on the History of English Geology,” in The 
Philosophical Magazine for January 1833. The accompanying figure 
{Plate XIV., fig. 1) is taken from that reproduction. 
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Beginning at the west is a series of seven explanatory parsgropla 
as under :— 
“ Lynn stands upon a Shaking Marsh A very deep well sunk 
in clay” 
“ Excellent Glass Sand in the Heaths near Lynn.” 


“ The Ploughed Land between Swaffham and Castle Acre 
strewed with Flints— North of Lexham the Ground sinks into 
Holes— Near wt strong Springs issue from the Chalk, with which 
and other Water the Author several years since successfully con- 
verted the adjoining Bogs into excellen* water Meadows.”’ + 


“ Heavy Soil with a retentive alluvial Clay Subsoil covers the 
untervor heights of Norfolk like the Woodlands of Suffolk.” 


“ Bricks made West of Norwich, Chalk under and around the 


City is dug in great quantity, and at Whitlingham 4 Miles down the 


River where it sinks beneath the Marshes In the Gravel are the 
Bones of large Animals.” 


“ Gravel on the top of Portland Hill—The Clay below about 
the end of last Century induced a search for Coal.” 


“ Altogether a District of 60,000 Acres of very improveable Low 
Marshes from which the most alarming inroads of the Sea were pre- 
vented by the Authors repair of the Sea breaches North of Yarmouth 
mm 1805 90 Parishes were laid under contribution to these repairs 
by an Act of Parliament in 1610. See their width in 1792 on Faden’s 
Map of Norfolk.” 


The lower section, ‘‘ Through Suffolk to Ely,” begins at Ely on 
the west, and cuts through Bury, Stowmarket and Woodbridge to 
Baudsey. On the left are “‘ CLAY VALES” (Isle of Ely, and The 
Fens); then “CHALK HILLS” (Suffolk Sands Northward) ; 
the Vale of the Orwell; beneath Woodbridge are PLAINS; and near 
the coast “‘ Sutton Walks, Suffolk East Sand.” 


There are also seven descriptive paragraphs to this section, viz., 
(beginning at the left) :— 


“ The Stratified part of the Isle of Ely which rises above the 


* These various descriptions are of considerable value, and as they 
have not previously been published, (except on the charts, which are 
very scarce), are now quoted. 

+ This refers to Smith’s work described in his Volume of 1806. 


N™ SMITH, 1817. Dee faa 
Section of ENGLAND and WALES from Snowdon & London 


' 


STONEBRASH By, 
= es 


ee 


o 
Man, vate? ¢ ge oe Searvar®?® 


n . ec 3 y s 
Vale of Sevet SSS orthicach Witacy of bois i svwon ES 
fksbu: ae ——\ ~ 
; bog chehenham SG Seti 
fed Mart & Sandstone <8 Se fee 


(0 Nar STI 


Fig. 1. Smith’s Geological Section from London to Snowdon. 1817. (Taken from the reproduction in The Philosophical Mayazine, Jan, 1833). 


Fig. 2. Geological View and Section of Norfolk. 1819. 


Fig. 3. Geological View and Section through Suffolk to Ely. 1819. 


Proc. Yorks. Geol. Soc., Vol. XIX. Plate XTV. To face page 144 
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common Level of the Fens shows some of the Sand of Swindon and 
Shotover Hill, and beneath in the western rise of the Strata the Oaktree 
Clay with Flat Oyster Shells.” 


“The Golt Brickearth at the edge of the Fens between this 
Section and Cambridge contains in its upper part the same Fossils 
as in other more elevated situations.” 


“ Ickworth on the Summit of the heavy Lands about three Mules 
South of the Section has an extensive view of the surrounding Country. 
The vast district of Blowing Sands which extend into Norfolk, appears 
to have been drifted from the Stratum of Sand over the Chalk.” 


“Woodland Clay Soil with retentiwe alluvial Subsoil like high 
Suffolk and therewith connected.” 


“The Chalk which is unveiled in the Ipswich River from 
Stowmarket to Claydon is but narrow It gives name to the village 
of Creting.” 

“ Alluvial matter on the Heights between the respective Vallies 
has obscured the outcrop of the Crag which is very distinctly traced to 
Playford situate on one of the branches of the Woodbridge River. 
At Ipswich, Sand, Crag, Brickearth, &c., occur in regular order.”’ 


“ Very loose or Blowing Sands common to the Surface where 
Crag most abounds, much of the sand appears to be alluvial.” 


Below the section appears the imprint :—“‘ LonpDoN: PUBLISHED 
BY Joun Cary, No. 181, Stranp, May Ist, 1819.” 


These are reproduced on Plate XIV., see figs. 2 and 3. 


Neither the sections just described nor any of the following bear 
Smith’s name nor, directly, anv of his advertisements. 


The next (No. 4), measures 362 inches by 11 inches. It is a 
“SECTION OF THE STRATA THROUGH HAMPSHIRE AND 
WILTSHIRE TO BATH. ON THE ROAD FROM BATH TO SALIS- 
BURY.” It begins on the north-west near Bath, and cuts through 
Warminster and Salisbury to Southampton. Beginning at the north- 
west the headings are: ““STONEBRASH HILLS” (“ Corswoxips 
NORTHWARD”); “CHALK HILLS” (“Tue Epee or SarisBury 
Priatn’”’); “PLAINS” (“ Toe New Forest ’’) and “ SourHamMpTon 
WarTER.”’ 
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Descriptions are given in six columns, as below (beginning at 
the left) :— 


“ Hot and other Mineral Waters burst from the Strata at the 
foot of these steep Hills— Numerous Springs issue from these fre- 
quent alternations of Strata Coal is worked dipping N. or N.W. 
at Newton Pits only 2 Miles W. of Bath In the late experiment 
for Coal at Batheaston on the other side of Bath the Strata usually 
penetrated for Coal in these parts were found in regular succession, 
but the immense quantity of Water which burst in through a boringhole 
in the Red Earth alarmed the Conservators of the Bath Hot Springs 
as to their safety two of which failed about the same time, one party 
being tired of the vast expense attending such Water and the other 
having employed me to restore the Springs the experiment succeeded 
and restored tranquility in the minds of many.” 


“ Part of Selwood and other extensive Forests and Woodlands 
on these Clays.” 


“ Black Dog Hill the summit of drainage between the English 
and Bristol Channels.” 


“ The unconformableness of the Coral Rag and Pisolate (12. 13) 
as noticed in Win. Smith’s other Works.” 


“ The first Turnpike Road from Bath to Salisbury was made 
over the Downs—The present Road through the Willy Bourn, paral- 
lel to the hilly margin of the Downs, was called ‘ Undereloff.’ ”’ 


“ The Scarcity of Water and other reasons for the paucity of 
habitations on the Hills accounts for the numerous Sites of Population 
in the Vallies—The great Flocks of Sheep are kept upon these 
Downs and supplied with early Spring feed from water-meadows in 
the Vallies.” 


The Declination from Beacon Hill station towards Old Sarum, 
was too great for the accurate admeasurement of a Base Lane.” 

“Gun Flints formerly manufactured at Salisbury.” 

“ The Spire of Salisbury Cathedral is 410 feet high.” 

“ From these Hills of moderate altitude the vast extent of the 
New Forest slopes gradually to the Shores of the Sea and the South- 


ampton Water— The Clay parts are covered with Oaks and the 
Sandy and the Gravelly like Bagshot Heath with Furze and Ling.” 


Section of Strata through Hampshire and Wiltshire to Bath, on the road from Bath to Salisbury. 


1819, 


Fig. 2. 


Geological View and Section in Essex and Hertfordshire. 1819. 


Geological View and Section of the Country between London and Cambridge. 1819. 


Proc. Yorks. Geol. Soc., Vol. XIX. Plate XV. 


To face page 146, 


WILLIAM SMITH: HIS MAPS AND MEMOIRS 147 


“ In 1790 an experiment for Coal in these Strata near the Shoe 
Alehouse at Platford on the borders of the New Forest.” 


This Section bears the imprint: “ Lonpon: PUBLISHED By JOHN 
Cary, No. 181, Srranp, May Ist, 1819.” (Reproduced on Plate XV., 
fig. 1). 


The next Chart (No. 5), 362 inches by 10? inches, contains two 
sections, viz., “GEOLOGICAL VIEW AND SECTIONS IN Essex AND 
HERTFORDSHIRE, and ‘“‘ GEOLOGICAL VIEW AND SECTION OF THE 
CoUNTRY BETWEEN LONDON AND CAMBRIDGE.” (Plate XV., fig. 2). 


The former begins at Wimpole on the North-West, and cuts 
through Royston, Bishop Stortford and Chelmsford to Shoebury on 
the South-East. Near Royston are “ CuaLtx Hitts”’; near Chelms- 
ford, ““ PLains anp InsuLAR Hits” (‘‘ THE Ropines’’) and, near 
Shoebury, ‘“ HunpREDs.”’ 


There are eight sets of descriptions, viz., (beginning at the left) :— 


“ Golt Brickearth occurs uniformly (and also beneath the 
alluvium) in this and other Valleys around Cambridge.” 

“ Part only of the thickness of the Chalk is ascertained by the 
deep wells at Royston.” 

“ Allunal Gravel and Blue Clay with rounded fragments of 
Chall: frequently cover these heights and emarginate the plastic Clay 
Brickearth and Sand which reqularly surmount the Chalk Stratum.” 

“In the Valley of the River Stort a Branch of the Lea, Chalk is 
unveiled North of Hockerill, which reappears over the Summit on 
the Newmarket Road against Quendon.” 

“The Rodings of Essex, Clay is connected thence North- 
eastward with the Clay Summit of Suffolk and Norfolk.” 


“ Alluvial Gravel in the Valley of the Chelmer River.”’ 


“ Hills of Clay, surmounting in the Series of Strata, the more 
regularly sloping Plains of Clay, Sand, etc.” 

“ Hundreds of Essex, chiefly low and Marshy, but Clay on the 
rising ground.” 


“ Very deep Wells sunk in these Clays show their correspondence 
with the opposite Coast of Kent.”’ 
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The lower section, “ between London and Cambridge,” begins 
at Cambridge on the North, cuts through Royston, Ware, Hoddendon 
and Waltham, to London. The main headings are: The Fens: 
“ CHaLk Hits ” (Royston Downs ’’) and “‘ PLatns AND InsuLAR HiILis” 
(“ Vale of the River Lea—distant Hills of Epping Forest.’’) 


As in other sections, the positions of the river beds are indicated. 


The description of the lower section occupies seven paragraphs ; 
beginning at the left (north) :— 


“On the Castle Hill and in the City [Cambridge] three Wells 
have been recently sunk through the Golt 140 feet deep, which over- 
flowed.” 

“ Copious Springs of clear Water flow from the foot of the Chalk 
Hills.” 

““ Water at a great depth on these dry Chalk Hills—Wells more 
than a hundred feet deep at Royston.” 


“In a dry Valley between High Cross and Collier’s End, a 
most regular division between the Chalk and its mcumbent Strata 
of Sand, with Brickearth above; and in Collier’s End fine Blocks 
of Plumpuddingstone—Some of the Alluvial chalkspotted* Clay on 
these Hills.” 

“4 copious Spring issuing from the Chalk Hill in Ware flows — 
in the New River to London— The Pebbly Sandstone appears in 
the Hill between Ware and Wadesmill as in other parts of the Sand 
and gravel over Chalk.” 

‘“ From Stamford Hill to Hoddesdon parallel to the Vale of 
the Lea the Level and dry Soil which is common to the Sandy and 
Pebbly Strata which form the Plains.” 


“The same Clay under London proved by deep Wells as in the 
opposite high ground of Epping Forest, and the same as in Highgate 
and Hampstead Hills ; On the opposite side of the Thames it rises 
to Shooters Hill, Dulwich and Norwood Hills.” 


This Section bears the imprint :—“ Lonpon: PUBLISHED BY 
Joun Cary, No. 18, Stranp, May Ist, 1819.” It is reproduced on 
Plate XV., fig. 3. 


* “ Chalkspotted Clay ” is not at all a bad name for what is now 
known as the “ Chalky Boulder Clay.” 
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The next Chart (No. 6) is a “ VERTICAL SECTION OF STRATA IN 
Surry Dipping NoRTHWARD. SECTION OF STRATA IN SUSSEX DIP- 
PING SOUTHWARD.” It measures 36? inches by 102 inches. It begins 
near London on the north and cuts through Croydon, Godstone, Hast 
Grinstead, Lewes, Brighton and on to Cuckmere Harbour. The main 
headings are—commencing at London, ‘“‘ PLatns anpD INSULAR HILLs ”’ ; 
“Surry CuHatk Hitis”’ (“ This ridge extends through Kent to the Sea 
at Dover and Westward by the Hogsback to Hampshire) ; “‘CLay VALE” 
(‘‘ Weald of Kent and Surrey”); “ Forest Ridge extends to Sea at 
Hastings Ashdown Forest”; ‘Cray Varn” (“ Weald of Sussex ’’) ; 
“Sussex CuHatk Hints” (“or South Downs, Terminating in Beachy 
Head.’’). 


In this case there are ten sets of descriptive paragraphs. They 
are, beginning at the left (north) :— 
“ The little Water found in these Hills generally of a bad 
quality—In deep Wells sunk through the Clay Water rises from the 
Chalk.” 


“ Shooters Hill higher than Norwood and other Clay Hulls 
South of London shows at its base the Chalk at Greenwich, Sand 
and Loam at Woolwich— Higher in the Clay le Organized Fossils 
similar to those in the Clay on Newhaven Castle Hill—In deep 
Wells at Brixton Causway and Streatham the same species are found. 

Ou the Plain of Blackheath which is Sand and Gravel & the base 
of the more elevated Clay in the Hill, Wells are sunk into the Chalk, 
which shows the absurdity of the common opinion that Blackheath 
contains Coal.” 


“ Fossil Oyster Shells at Addington Hills and Sudbury. 


“Fossil Echini occur in these Hills as in other similar parts of 


the Chalk.” 


“The Goli Brickearth is identified by a small transparent 
belemnite.”’ 


“ On Copthorn Common near Newchapel is the Summit Level 
of the proposed Weald of Kent and Mesterham and Portsmouth 
Canals 166 feet above the Tunbridge Navigation.” 


“ Crowborough the central and highest part— A few Miles 
West along the Forest Ridge is the fine Turners Hill Stone a better 
part of these soft Sandstones.” 
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‘At Bexhill the extremity of the Forest Ridge against the Sea 
was the late very expensive and useless search for Coal.” 


“ The ancient Ironworks were chiefly on opposite sides of the 
‘ Forest Ridge’ where Marl occurs with Ironstone and thin beds of 
Inmestone.”’ 


“ About Sheffield Park and at Fletching Mill Pipe Clay and 
bitumenized Wood. 


At Newick Park bitumenized Wood induced a search for coal.” 
“ The Clay of Chailey Sth Common makes excellent Bricks.” 


“ Halmsey Malm Pits contain Fossils peculiar to the lower 
part of the Chalk. 


* Bacellent Wheat Land.’ 


“ Much Chalk goes trom these Hills by the Ouse Navigation 
to the interior of Sussex and is there used on the Land either in a 
crude state or burned into Inme by wood fires for that purpose. 


The Sussex Clunch or Grey Chalk like that of the Surrey Hills 


makes an excellent Lime for building in Water.” 


“ Newhaven Castle Hill, contains in its insular Cap of London 
Clay the species of organized Fossils which are found at Woolwich 
and in France. 


Lhe Tide flows by Newhaven through an opening in the Chalk 
Hills up the River Ouse to Lewes.” 


The chart bears the imprint :—“‘ Lonpon: PUBLISHED BY JOHN 
Cary, No. 181, Srranp, May Ist, 1819.” It is reproduced on Plate 
meV 1; fie: T. 


The next chart (No. 7) measures 374 inches by 1032 inches and is 
entitled: “GroLoGicaL VIEW AND SECTION THROUGH DORSETSHIRE 
AND SOMERSETSHIRE TO TAUNTON ON THE ROAD THROUGH YEOVIL 
TO WimpBorNneE Minster, &c.” It begins at Taunton on the North- 
west, and cuts through Yeovil, Sherborn, Blanford, Wimborne Minster 
and Christchurch to the sea cliff at Hordle on the South-East.* The 
heights of the main hills are indicated. The main headings are, begin- 
ing at the north-west (left): ‘Mari Vaues” (“ Vale of Taunton 
Ilmoor and Westmoor”) ; StONEBRASH Hitts; CLay Vauss, (“ Vale 


* Engraved *‘ North East ”’ in the diagram, in error. 
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of Blackmoor”’), “‘Cuatx Hiiis” (“ Northward is Salisbury Plain 
and Cranbourn Chase’’), and, on the South-East, “ Puatns,” (“ North- 
ward is the New Forest, Southward Wareham and Pool Heaths.’’) 


There are eight sets of explanatory matter, viz. :— 


“ Northward is the vast District of KINGS SEDGEMOOR 
and other low Marshes lately much improved by Draining. At 
Thorn Falcon a whitish Sandstone in the Red Marl.” 


“ Rich grazing District where the finest Devonshire Cattle are 
Sed 

“The Lias rises in the distant hills over the Yeo or Ivel River 
at Kingsdon and High Ham and sinks again in the Polden Hills to 
form the Trough of the Brue River.” 


“ The Dry Stony Soils of these Hills chiefly Sheep and Corn 
Farms as on the Cotiswold Hills. 


“The Marlstone Rock near Yeovil rising Northward with the 
surface of Stone Farm has one Bed hard enough to be worked as 
Marble, called Yeovil Marble in which are fine sections of Ammonites 
and other Fossils which identify the Stratum, see Fig. 4. Strata 
adentified & Descriptions of them page 115, 116, Stratig. System.” 


* No. 18* Produces at Long-burton a few Miles Southward along 
ats course fine specimens of the Marble wrought into Slabs and Chim- 
ney Pieces. In Whichwood Forest (Oxon.) called the Forest Marble. 


“ Sherborn Park on the edge of these Clays.” 
“ Dairy Farms on the Clays. 


“A few miles North of this Section a fine soft calcareous 
Freestone is dug from No. 12.7 


Alfred’s Tower on the Sand conspicuous from the Vale of 
Blackmoor. 


“ Thss part of the Clay Series has not been free from its Trials 
Sor Coal.” 


* No. 18 = Forest Marble. 
7 No. 12 = Coral Rag and Pisolite Sand. 


152 WILLIAM SMITH: HIS MAPS AND MEMOIRS 


“No. 9* This Stratum here obscured and imperfect produces 
wn the Vale of Wardour a few Miles Northward the fine Stone of 
which Salisbury Cathedral was built.” 


“ Hetensive Sheep Pastures on the Downs—Water Meadows 
on the Valleys. 


“The River Stour which rises at Stourton near Alfred’s Tower 
runs parallel to the track of this Section from Stalbridge to Wimborn 
Minster.”’ . 


“ Pipe Clay or Plastic Clay worked extensively on the opposite 
side of Pool Harbour in the Isle of Purbeck, where these Strata dip 
in an opposite direction and form the Southern side of the great 
Trough. 


“It occurs at Cary near Wareham, and has been sought for = 
various Trials on Pool Heath, &c., &c., some are said to have been 
experiments for Coal.” 


The imprint is: “ Lonpon: PUBLISHED By JoHN Cary, No. 181 
StranpD, May Ist, 1819.” It is reproduced on Plate XVI., fig. 2. 


Later Mr. Cary published two sections} similar in size to those 
described, viz. :—GEOLOGICAL VIEW OF THE MINING DISTRICT 
OF CORNWALL CORRESPONDING WITH THE MAP FROM 
CHASEWATER TO CAMBORNE sHeEwine THE ELEVATIONS OF THE 
HILLS AND THE DEPTHS TO WHICH THE MINES ARE EXTENDED, BY R. 
Toomas. Fatmouts, 1819.” The imprint of this, however, reads: 
*‘ LONDON : PUBLISHED BY JOHN Cary, No. 86, St. JAmMES’s STREET, 
JULY Ist, 1824.”’ 


The other Chart is described as ‘“‘ GEOLOGICAL SECTIONS IN 
ILLUSTRATION OF THE MAP OF THE MINING DISTRICT OF 
CORNWALL, BY RD. THOMAS, FALMOUTH, 1819.” In this case 
however, the imprint, which for the first time is within the border, 
reads: ‘“‘ Lonpon ; PUBLISHED By JoHN Cary, No. 181 Strand, July 
bet, 1819.2 


* No. 9 = Portland Stone and Sand. 

+ These two are bound up with Smith’s Section in the copy in i: 
Library of the London Geological Society, and in my copy. 

{ There may be some reason for this imprint, which is five years 
earlier than that of R. Thomas’s other diagram, being within the 
border. It looks as though the original imprint, outside the border, 
had been cut off. 


Fig, 1. 


Fig. 2. 


ze 


Vertical Section of Strata in Surry [sic], dipping Northward. Section of Strata in Sussex, dipping Southward. 1819. 


1819, 


Proc. Yorks, Geol. Soc., 


Tol. XIX. 


Sketch of the Succession of Strata and their relative altitudes, very slightly reduced; from Smiths large Geological Map of 1815. 


Plate XV. 


To Juce page 152. 
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SMITH. 1817. 
DISTRIBUTION OF AMMONITES. 


At the Annual General Meeting of the Geological Society, held on 
February 17th, 1860, John Phillips gives particulars of an “ unpublished 
Table of the Distribution of Ammonites,” which was drawn up by his 
own hand in 1817. It forms one of a series of such attempts of which 
an example has been printed, viz., the Table of Hchinz, in the “ Strati- 
graphical System of Organised Fossils (1817). This table is reproduced 
on a folding plate facing page xli. of the “Anniversary Address of the 
President ” in Quart. Journ. Geol. Soc., Vol. XVI., 1860. It is headed 
“Table of the Distribution of Ammonites, drawn up by John Phillips, 
under the direction of William Smith, in 1817.”’ A footnote informs us 
that “‘ The Table was drawn up previous to the publication, in 1817, 
of the ‘ Stratigraphical System of Organized Fossils,’ which contains 
a few more names of Ammonites—some proposed by Smith, as A. caliz, 
which is now called A. Blagdent.” 


AIRE AND DUNN CANAL. 1819. 


Phillips tells us* that “‘ From the eastern coast he [Smith] was 
called into Yorkshire to consider of a plan for a new canal between 
the River Aire and Knottingley and the River Don at Doncaster, 
with a branch down the River Went. On this matter he was em- 
ployed at frequent intervals till 1819, when the Bill was brought into 
Parliament, and defeated by the strenuous opposition of the Aire and 
Calder Navigation Company.” Phillips does not mention that a 
plan was prepared in connection with this scheme. Among a col- 
lection of Yorkshire maps, which I purchased a little while ago, is a 
lithographed copy of a map of south Yorkshire, which does not appear 
to have been seen by any of Smith’s later biographers. The litho- 
graph was reproduced in The Naturalist for 1912, page 282, and we are 
able to give the illustration herewith. It is described as “‘ Proposed 
Aire and Dunn Canal to drain the contiguous lands and to shorten 
and connect the present navigation. William Smith, 1819.” In 
the bottom right-hand corner is a note to the effect that the map was 
“‘ drawn on stone by J. Phillips.” This map was apparently issued 
with the prospectus of the proposed Company, as it is foolscap size, 
folded in four, and has on the back of one of the folds: ‘‘ Aire and 
Dun (sic) Junction Canal and Extensive Drainage in Yorks. Printed 
by EH. William’s, 11 Strand.” 


* Memoirs, p. 88. 
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SMITH’S GEOLOGICAL ATLAS. 


On January Ist, 1819, appeared the first part of a new work by 
Smith, entitled a. ‘‘ New Geological Atlas of England and Wales.”’* 
It contained maps of Norfolk, Kent, Wiltshire and Sussex. Part IL., 
dated September Ist, 1819, contained the maps of Gloucester, Berk- 
shire, Surrey and Suffolk. Part III. was published on February Ist, 
1820, and contained maps of Oxford, Bucks., Bedford and Essex. 
Part IV., appeared in 1821, and contained a map of Yorkshire in four 
sheets. In the same year Part V. was printed, but was not published 
until 1822. It contained maps of Nottingham, Leicester, Huntingdon 
and Rutland. In 1824 Part VI. was published, with maps of Cumber- 
land, Durham, Northumberland, Westmoreland. This Atlas, another 
of Smith’s incomplete works, then ceased publication, although 
Phillips records that “‘ other parts to complete this work were left in 
a state of forwardness.”’ 


All the county maps published contain much more information 
than was shown on Smith’s large map of 1815, and indicate that 
during the intervening years he had done much to increase his know- 


ledge. 


The maps are based on Cary’s county maps, and are headed, 
“By W. Smith, Mineral Surveyor.” Each map measures 214 inches 
by 194 inches; the scale varies slightly, but averages 3 miles to an 
inch. The usual footnote is added to the effect that “‘ The numbers 
attached to the deposits of each stratum refer to the Geological 
Tables of British Organic Fossils which may be had of the Publisher, 
price ls. 6d.”’ Occasionally there are references to the sale of “ ac- 
companying sections at 5s. each.” 


SMITH’S- MAP OF YORKSHIRE. 


Of the Yorkshire map, in which we are principally interested, 
Prof. Judd truly sayst : “ This is one of the finest of Smith’s works. 


* “ Between the appearance of the great general map in 1815 and 
the year 1821, [ ? 1824] Mr. Smith published no less than twenty 
geological maps of English counties, often remarkable for their 
accuracy; and he has not desisted from preparing others, amidst 
difficulties and privations such as few men devoted to science ever 
endured,” loc. cit., p. 218. Woodward, loc. cit., says 21, ‘‘ with (i.e. 
including) a four-sheet map of Yorkshire.” 

+ Geological Mag., 1898, p. 103. 
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It is full of admirably worked out details. In the West Riding, the 
outcrops of the chief of the grit beds are represented on the map with 
their relations to the coal-seams, and a fine vertical section of them 
is given; and in the north-east of the county, Smith clearly defines 
the estuarine strata of the Lower Oolites as follows: ‘Sand Rock 
and Grit Freestone of the Moors, lying over the Alum Shale’ (Upper 
Lias), ‘ and, in Scarborough Castle Hill,’ under the Oolite or Caleareous 
Freestone. A thin coal in the cliffs is worked on the moors at Danby 
and other places.’ In this work we see the fruits of Smith’s residence 
at Scarborough, which commenced in the year 1820.” 


My copy of this map was formerly the property of Henry Holt, 
whose name is printed on the map case. It is in four separate sheets, 
each measuring 18? inches by 22} inches. They are so arranged that 
they can be pasted together as one map. 


On the top left-hand sheet are the words ‘“‘ GEoLogicaL Map or,” 
and on the top right-hand sheet ““ YorksHirE. By W. Smits, Minerau 
SURVEYOR.” 


In the former, the country west of Stokesley, Hawnby, Coxwold, 
Easingwold and Moor Monckton, and north of Plumpton, Rilston 
' and Long Preston, is included. The ‘‘ Whinstone Dyke,” which is 
shown on the adjoining map as commencing near the Peak Alum Works, 
is here traced through Stainton to Coatham Stob, north-west of Yarm. 
Outside the county boundary tablets of colour are shown as an index 
to the colours onthe map. These are :— 


28. Brown-RED Sanp Rock. 

31. Mountain oR MeraLiirERous LIMESTONE beneath the Coal 
Measures alternating with Gritstone and Shale called Plate, 
the breaks in which contain the rich Veins of Lead and Cala- 
mine, extensively worked in the Mining Districts of Swaledale, 
Wensley Dale, &c. 

Millstone Grit. A thin bed of Coal over the Millstone Grit, 
worked at Tanhill, Leyburn, Wilton Fell, etc. 

BuuE Rae, uppermost of the series of Slate Rocks in Westmore- 
land. 

30 m. SHALE, thin Coal and Ironstone. 

n. Fuaastrones, Penhill and Summersides with other Rock, a Coal 
beneath. 
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The North-east Section adjoins that just described, and includes 
the country north of North Frodingham, Bainton, Fangfoss and York. 
An index to the colours representing the strata is given, commencing 
at the top, with 


28. Rep Maru with Gypsum. 


14. CLuncu CLay and Aum SHate, which 1s worked for Alum, 
by Guisborough and Stokesley to the N.W. extremity of the 
Hambledon Hills. 


13. Sanp Rock and Grit Freestone, of the Moors, lying over the 
Alum Shale, and in Scarborough Castle Hull under the Oolite 
or Calcareous Freestone—A thin Coal in the Cliffs, is worked 
on the Moors at Danby and other places. 


12. Corat Rae and tts OoxitE (or Pisolite) the upper part of 
Scarborough Castle Rock, containing the Corals which are found 
wm its range through Wilts—Figured and described in STRATA 
IDENTIFIED BY ORGANIZED FOssILs. 


11. OaKTREE CLay, in its course have been many unsuccessful 
Trials for Coal. 


10. SAND oF THE PorTLAND Rock. 
5. CHALK excavated for Lime into large Caverns. 
2. 4. BrickEaRrtH and Sanp, in low Cliffs over the Chalk. 


On the Holderness Cliffs we find: “ Here stood Auburn, which 
was washed away by the Sea.” “ Hartburn, washed away.” “ Hyde, 
washed away.” 


The South-east Section of the map bears, in a large Circle: “ A/ 
New Map / or / Yorxsuire, / DivipEeD INTO ITs / Ripines / AND / 
SUBDIVIDED INTO WAPONTAKES, / EXHIBITING / ITs Roaps, RIVERS, 
Parks, &c. / By Joun Cary, Eneraver. /” Some imbecile* has 
carefully erased the date from this copy of the map, but it should be 
1821.7 : 


* Possibly the dealer from whom I purchased it, in order that the 
map might not be so much “ out of date.” 


+t See Phillip’s Memoirs, p. 149. 
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The scale is shown, viz., 12 miles to 44 inches. In the “‘ EXPLANA- 
TION” are shown Borough and County Boundaries, Chief Places of 
County Election, Polling Places, Boroughs returning Two Members, 
Boroughs returning One Member. 


The Index to colours is shown on this section, those given, coming 
from north to south and west, being :— 


2. 4. BRICKEARTH, SAND & Cray, in Cliffs which are washed away by 
the Sea. 


3. THE Crag SHELLS, and Sand occur in little Sand Hills in the 
Interior of Holderness. 
5. CHALK, dug in great quantity at Hessle. 
12. CoraL RaG OOLITE OR PISOLITE. 
18. Sanp, beneath 
28. Rep Maru with Gypsum. 
28. (Beneath Red Marl) A brown-red Sand and Sand Rock con- 
taining Pebbles. 


A hard blueish white thin bedded Stone, 
which at Womersley, Knottingley, and 
REDLAND LIMESTONE | Brotherton, makes the Inme, cele- 


99. hice aie brated for Agricultural purposes. 


etl 


Coat Measures. | Red and Blue Clay, and Gypsum. 
A soft yellowish calcareous Freestone 
or Magnesian Lamestone. 


This section bears the imprint: “‘Lonpon: PUBLISHED By J. 
Cary, ENGRAVER AND Map-sELuer, No. 86, St. James’s Str.” 


The South-West Section is of especial value. There is a sample of 
the colour (near Clitheroe) to show “ Mountain oR METALLIFEROUS 
LIMESTONE BENEATH THE CoAL Muasures.” And in the left-hand 
corner is an admirable Table of the Strata of our County as surveyed 
by Smith. It is as follows (the colours of course being omitted) :— 


A TABLE OF THE 


STRATA OF YORKSHIRE 
IN SUCCESSION, DIPPING EASTWARD. 


Redland 


Nos. in 
Coloursof the Geo- Districts where the 
Strata. logical Strata Occur. 
Table. 
2 | Clay or Brickearth. 
{ 3 Crag, Shells in Sand 
4 | Sand and light Loam. ....  secccscescevccevecs Holderness. 
RT eCARAE A a cig GK Sitraeg ae Gia wae ae'v nua ib’ ele m6 6 0 os Wolds 
10 | Sand of the Portland Rock. 
1j RPARATOS CLAY) Sins cic cs disc sss an Chistes aS Sea's Vale of Pickering. 
12 | Coral Rag and Pisolite or Oolite. 
13 | Sand with Rocks of Calcareous Grit and paper 
(containing a thin Coal and some Limestone . as : 
rising N.W. to Hambleton Hill and Rose- Nth. Riding East Moors 
EN LOD PINE a oale's 5's \uidic.cie.s seen ata 8 o\eiea'si 
14 | ClunchClayand Shale. Alum Shale ........+.. 
VENUE AAR DODO Sosa. avin sun's vie claleis(c aise» sie'w'h'e's Ckadland, York: Vale 
28 | Red Marland Gypsum ..........00sccecseesss | and the Levels. 
Sane AG SANG BGO . 2 oc. weiedncie,s Gb sb egiciee- 
: Knottingley Limestone ....cc.ccceccseccseces 
: Ome Olay ANG YVOGORY 0505s das osecescesnee® On the North Road. 
& Yellow or Magnesian Limestone .............++ 
a Pontefract Rock.. 
b 
The Upper Part of the Coal 
Cc Ackworth Rock .. | series contains thin beds of 
swift burning Coal, which 
d leaves White Ashes ........ 
e Chevet Rock..... 
: f 30 
< 
$ g ied Rock” 4.53. Coal District. 
Ke The Midway Part thick beds 
~ h of hard Coal, good for furnaces 
3 i Bradgate Rock .. 
.S) 
k The Lower Part excellent 
bituminous Coal as at Silk- 
1 Wortley Rock.... } stone, Flockton, etc, accom- 
panied with Cannal Coal and 
TIORTOUE GS oS ails te an wialeted a 
m 
On the extremity of the Coal- 
n Flagstone ....... f field, a thin Coal extends 
\ N.W.to some of the Moors .. 
High Western Moors. 
NAM 5 oie See's 1c 8 ahs 'S nila, order miele ties aa we wb wacko 
Moorstone or Millstone Grit ...........0055 : 
31 | Mountain or Metalliferous Limestone ............ Craven, and Dales of 
the Mining Districts. 
Blue Rag or Slate Rock 
Whinstone or Basalt. 


The colours marked b, d, f, h, k, m, represent Clays, Shales, and beds of Coal, alternating with the Grit Rocks. 
To facilitate the reference to the Coal Measures, letters are added upon the Map, corresponding with those 


in the above Table 
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To enable him to give further details respecting the Coal Measures 
that Section is repeated, as under :— é 


a Pontefract Rock but little used in building. 


c Ackworth Rock a soft Grit Freestone and Grindstones, 
Kirby Mexborough and Denaby 


e Chevet Rock ...athin Rock of little use. 


—-| g Red Rock ..... a course Grit Rock, in some places 
loose Sand. Large blocks at Wolley- 
edge Newmillar-dam, etc. 


Coal Measures. 


i Bradgate Rock .a fine grained Grit Freestone and 
Grindstones, some blue cutting Stone. 
k Course of the Shell Ironstone. 


] Wortley Rock ..a Grit Stone in thin beds, used in 
building. 


n F.agstone..... Grit Rock, with argillaceous partings, 
some more micaceous, cleaving into 
flags and roofing Slate. 


Below the border is the familiar announcement :— 


‘““Notre.—The numbers attached to the description of each Stratum 
refer to the Geological Table of British Organised Fossils, which may 
be had of the Publisher, Price ls. 6d.”’ 


The plates used for these county maps were apparently sub- 
sequently obtained from Cary by Messrs. Crutchley, and that firm’s 
sixpenny county maps for many years contained the lines and legends 


of Smith’s maps. 
1819. 


“A Reduction of Smith’s large Geological Map of England and 
Wales, exhibiting a general View of the Stratification of the Country ; 
intended as an Elementary Map for those commencing the study of 


Geology.””* 


The above is given among the list of Publications by Smith, on 
pages 148-9 of Phillips’s “‘ Memoirs.” It is also referred to by Judd. 


* See Phillips’s Memoirs, p. 148. 
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I have not be able to trace a copy dated 1819, and fancy Phillips must 
_ have made a mistake of a year in the date, especially as he makes no 
mention of the map of 1820, referred to below. 


SMITH’S MAP OF 1820. 


A map in my possession not definitely referred to by Judd in his 
account of Smith’s published maps, is entitled: “‘ A New / GEoLocicaL 
Map / oF / ENGLAND AND WALES, / WITH THE INLAND Navications ; / 
EXHIBITING / THE DistRicTS oF CoAL / AND OTHER SITES OF MINERAL 
TonnaGE / By W. Smitu, ENGINEER, / 1820./ London: Published by 
J. Cary, 86 St. James’s Str., Mar. 18, 1820.” 


The map measures 24 inches by 297? inches, the scale being 15 
miles to the inch. The colours are more clearly indicated than in the 
large map, and the dividing lines between one stratum and another 
are much clearer, 


The following “‘ EXPLANATION OF THE CoLouRs,” in two columns, 
is given at the bottom of the map, and contains additional informa- 
tion to that supplied on Smith’s large map of five years earlier, upon 
which, of course, this one is based* :— 


a lLonpon Cray, forming detached hills in the Environs of Lon- 
don i aS a = ms ie | 


b Brick EartH anp Cay, interspersed with Sand and Gravel— 
The lighter shade of brown shews the sandy districts which 
form extensive heaths ... zie +2 teen | 


ce CHALK, the upper beds of which are soft and contain flinty Nodules 
The under beds with few Flints—sometimes used as a 
Building Stone At the foot of the Chalk is the Green Sand 
an which is found the Fire-Stone. Golt Brickearth be- 
neath at : ey i me: et 


d Sanp oF THE PortLanD Rock, locally containing a Limestone, 
the first Quarry Stone, in the Series of English Strata, varying 
much in Quality, as at Portland, Purbeck, Chilmark, 
Swindon, Shotover, the oii of oo and Maid- 
stonein Kent... 8 ee 


* The colours are given in the tablets at the end of the description 
of each bed. 
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é OAKTREE Ciay, a tenacious Woodland Soil a bituminous part in 
the Isle of Purbeck used for fuel... Ee iho | 


f Sanp anp Stone, extensively overlayed in Yorks., Oxfords., 
Berks., Wilts., and Dorset, by the Coral Rag and its cal- 
careous Freestone... = as AP we | | 


g CiLuncH CLAY AND SHALE, along its course have been several 
unsuccessful Trials for Coal,—on the northern part are 
extensive Allum Works ... cn ne isan | 


h Upper Ootrtte, or Bath Freestone Rock, overlayed by Corn- 
brash, Sand, and Forest Marble, coloured ... | | 


« UnbDER OOoLITE separated from the upper by Fuiler’s Earth 
and its Rock. Its a coarse calcareous Freestone | 


k Buve Mary anp Lias Limestone, the very thick superincumbent 
Marl is represented by the lighter Blue—The White Lnas 1s 
used for Lithography... rh Shy Pome | 


1 Rep Mart containing beds of soft red Sandstone and occasionally 
of blue Clay— The Salt Works of Cheshire are in this stratum 
In the environs of Bath, Coal is worked beneath the Red 


m REDLAND LimesTONE, overlaying the Coal measures, much cele- 
brated in Yorkshire for extenswe Iime-works ... | 

n Coat Districts with the Rocks and Clays accompanying the 
coal comprising the great Iron-works  ... ull | 


o Mountain Limestone, alternating with beds of Shale, Chert 
and Gritstone and containing numerous Veins of Lead and 
Copper... e 7 oy, af eee | 

p DAP ROCKS \... 45) (Roe 

q Rep RaaB AND Dunston, with interspersions of Lime- 
stone vee nde ie ee | 

r Kitntas or Siate, and other Mountain Strata, abounding 
with Minerals... ai RE a it | 


s Gropae Bienie Wit), tic. -\.2 ee yas ee | 
In the space occupied by the North Sea are two Tables, viz., “A 


LIST OF THE CANALS & NAVIGABLE RivERS SHEWING THE PRINCIPAL 
ARTICLES OF MrnERAL ToNnNAGE,” and “ Ratuways.’’ The former 
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contains a list of 100 Canals and 97 Rivers; the latter of 20 Railways. 
The “ Articles of Tonnage ”’ are principally coal, Iron and Ironstone, 
but include Granite, Lime, Limestone, Flagstone, Stone, Slate, Lead, 
China Stone, Sea Sand, Flints, Firestone, Fuller’s Earth, Ore, Gravel, 
Culm, Mountsorrel Stone, Flags, Paving stone, ‘“Defence Sea Beach,” 
Pottery, Gypsum, Fire Clay, Potter’s Clay, Sea Sand, Copper Ore, 
Salt, Salt Rock, Freestone, Gun Flints, Reach, Oysters, Muillstones, 
Shell Sand, Cannel, Manganese, Chalk, Roadstone, Pipe Clay, Loam, 
Ochre, Marble, Powder, Grindstones. 


Prof. Judd* records that in 1820 “ Cary, who published all Smith’s 
maps, issued a ‘ New Geological Map of England and Wales, reduced 
from Smith’s large Map, for those commencing the Study of Geology.’ ”’ 
This title was puzzling, and I had not been able to trace a map which 
bore it. My copy had the title at the head of these notes. Another 
copy of the map, however, which I have recently obtained, explains 
the matter, and indicates where the title quoted by Phillips (“‘ Memoirs,” 
p. 149) was obtained, though so far I have not confirmed Phillips’s date. 


This second map is in every way identical with the first, except 
that the colours are more distinct. But it is in the original case,f 
upon the outside of which is a: printed label :— 


““A / New / Groztoeicat Map / oF / Ene~anp anp WALES, / 
REDUCED FROM SMITH’S LARGE MAP; / EXHIBITING / A GENERAL VIEW / 
OF THE / STRATIFICATION OF THE COUNTRY ; /INTENDED AS / AN ELE- 
MENTARY MAP / FOR / THOSE COMMENCING THE Stupy OF / GEOLOGY. / 
= / Lonpon: / PuBLisHED By Joun Cary, / No. 86, Sr. Jamzs’s 
STREET, NEAR THE Pauace.” Added in ink, (evidently a considerable 
time ago), is “ Pd. 10s.” Of this Phillips tells ust that the “ Price, in 
sheet, neatly coloured and shaded, 14s. ; Mounted in Case for Travell- 
ing, or on rollers, 18s.” 


It would thus seem that the ‘‘ Geological Map ” with the “ Inland 
Navigations,” etc., and the “map for those commencing the study of 
Geology ” are one and the same. 


A second edition of this map is said to have been published by 
John Cary in 1827, but so far I have not been able to trace one. § 


* loc. cit., p. 102. 

yj The first named map is also in its original case, but it bears no 
label. 

t i.e. under the wrong date, 1819. § See next page. 
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SMITH’S MAP OF 1824. 


Beyond a casual reference to the fact that a second edition of Smith’s 
small map of England and Wales had been published, I had no evidence 
that. a further edition had been issued. Through the good offices of 
Mr. R. H. Barker, however, I have been able to record one. It seems 
that in August, 1916, Mr. Sydney P. Turnbull, J.P., found a roll 
‘containing two uncoloured maps of England and Wales, one of which 
he has kindly given to me. It is obviously from the same plate as 
Smith’s map of 1820, but the date on the oval title has been altered to 
1824, and the date of the imprint beneath has been similarly dealt 
with, though the day of the month, viz., March 18th, remains. The 
title of this ‘ second edition ’ therefore reads :— 


‘A New / GrotocicaL Map / or / ENGLAND AND WALES, / WITH 
THE IntAND Navications; / Exuipitine / Tue Districts or Coat / 
AND OTHER SITES OF MrneRaL TonNnAGE / By W. SmitH, ENGINEER, / 
1824. / London: Published by J. Cary, 86 St. James’s Street, Mar. 18, 
1824.” 


The map is of the same measurement and scale as that of 1820. 
These two recently discovered copies are not coloured, though the 
tablets appear at the bottom for the colours to be inserted. Whether 
they were ever issued in the coloured state or not, with this date, I 
cannot say. 


This uncoloured impression indicates that the more prominent 
features of the Coal-fields, etc., are shown by dark markings on the 
plate itself, so that the darker patches on the colouring of the earlier 
maps are made without the application of a darker layer of colour. 
They also act as useful guiding lines for the artist. 


On the outer edge of this map, which is uppermost when rolled up, 
is written, apparently by Smith himself, “2 Geological maps of 
England and Wales / by / W. Smith, &c. / (Uncol.)”’ ; and in the 


corner is “ Map of England.” 
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ON COAL. BY W. SMITH. 
1830. 


In his notes on “ Politics, Statistics, &c.” (see Appendix K,) 
Smith informs us that at the request of the Editor of The Whitby 
Repository, he had sent some observations on Coal to that Magazine. 
On account of the scarcity of old-time journals of this type, and 
the method then adopted of publishing scientific matter, I have 
had difficulty in tracing these notes.* From the date given by Smith 
it is apparent that his paper appeared in the first series of The Whitby 
Repository, which I now possess. There is an imperfect copy in 
the Bradford Public Library, and this Mr. Butler Wood has also 
kindly allowed me to consult. In the number for December, 1830, Vol. 
6. pp. 370-372, is a note to “ Mr. Editor, Sir,’ from “ An Original 
Subscriber,” apparently the Editor himself! This note is headed 


* Bed of Coal at Robin Hood’s Bay.” 


The writer informs us that “‘ several} months ago ”’ he was “ amus- 
ing himself ”’ by looking into Phillips’s Illustrations of the Geology of 
Yorkshire, and he was especially struck with the extraordinary disloca- 
tion of the strata near the Peak and Robin Hood’s Bay. Judging by 
the dip of the strata, the position and range of the succeeding strata 
(red marl and magnesian limestone) in approaching the Durham Coal 
field, he was led to think that, near Robin Hood’s Bay, “ where the 
lowest lias bed was at the greatest elevation above the level of the sea,” 
was the point where coal might be tried for with the greatest prospect 
of success. 


The writer stated that “‘ Being in some degree acquainted with a 
gentleman, who is looked upon as one of the first geologists in the 
kingdom, and who I knew was well informed as to the geology of this 
district in particular, I wrote to him .... I was favoured with an 
elaborate and luminous answer, from which I have much pleasure in 
making some extracts.” 


Smith is not mentioned, but “one of the first geologists in the 
kingdom,” the characteristic “‘ elaborate and luminous answer,” the 


* There were two series of The Whitby Repository. The first 
series was issued in 1825-1833, and the second between 1866 and 1868. 
See “‘ Yorkshire’s Contribution to Science,”’ by T. Sheppard, 1916, p. 87. 


{ Phillips’s book was only issued in 1829, the year previously. 


166 WILLIAM SMITH: HIS MAPS AND MEMOIRS 


answer itself (see below), the record it contains as to the writer’s 
statement that “‘ nearly forty years since, I lived amongst coal pits, 
commonly sunken through the lias and the red marl,’’* and the inde- 
pendent statement made by Smith that he had agreed to a request to 
supply some notes on Coal to The Whitby Repository, all point to the 
notes being by Smith. The following are the extracts quoted from 
Smith’s ‘elaborate and luminous communication ’ :— 


“T perceive, by your letter, that your views of the probability 
of finding coal are not, like those of too many others, founded on 
the hope of finding it in shale or lias clay ; but the question where 
to prick upon that intermediate range of the coal seams which may 
connect the coal-fields of Yorkshire and Durham, involves a great 
deal of deep geological consideration. My thoughts have often 
been turned to that important object ; which, in a well chosen spot, 
is worthy of a national experiment. We know that all the beds 
of coal and their accompaniments, in the West Riding, sink under 
the Magnesian limestone in the vicinity of Abberford, much in the 
same manner as they rise from beneath the same kind of limestone 
at Ferry-Hill, in Durham ; but the limestone being, in both cases, 
an uncomformable covering, we have no clue from the Upper strata 
to the range of the coal seams between those two very distant parts. 
From the east and west range in the northernmost coals in York- 
shire, and a similar range in the southernmost coals in Durham, 
and from intermediate borings which I am acquainted with, I am 
satisfied that the coals do not range under an uncomformable 
cover, through the low ground, in a straight line between those 
two places ; and if they range in a curving line under the high land 
of the eastern moors, it is there impossible to get down to them. 
It seems unlikely, from various circumstances I can enumerate, 
both in Yorkshire and Durham, that a line curving eastward less 
than a semicircle, will never unite the coal-fields in question ; and, 
as the greater part of this line passes under enormously thick piles 
of strata, mostly in very high ground, the only chances there are 
of finding coal at any great distance from those two coal-fields, are 
on the sea shore ; and the best of all these, as I have long thought, 


is in Robin Hood’s Bay. The magnesian limestone, if it could be 


* i.e. in Somersetshire. 
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found would not be worth getting by a pit in the Bay ; and if coals 
can be found it would be well if the red marl could be sunken 
through without it, which I have reason to expect, or at least that 
it may be thin. It is a rock that varies much in thickness, and in 
the southern parts becomes extinct. The red marl, which is an 
uncomformable cover to coal, of least extent in those parts, is 
sunken through, at all the pits, from 10 to 30 fathoms in thickness ; 
this, like the limestone, varies much in thickness, and there are 
circumstances attending it which lead me to think it may not be 
very thick in some parts of the North Riding. 

Nearly forty years since, I lived amongst coal-pits, commonly 
sunken through the lias and the red marl, and some of them through 
superincumbent beds as high in the series as the inferior oolite. 
We know that the alum shale or lias clay, and some of the other 
strata in these eastern moorlands, are of extraordinary thickness ; 
but there is no reason to believe that the red marl, and especially 
the beds below it, which have no relation to those above, are 
thereabout thicker than usual.” 


GEOLOGICAL MAP OF HACKNESS, 1832. 


Phillips informs us* that “‘ Among the many eminent persons who 
at different periods of Mr. Smith’s life, took a lively interest in his 
welfare, it is the pleasing duty of his biographer to mark with grateful 
distinction one whose friendly regard he gained about this period, and 
retained during the remainder of his life, Sir John V. B. Johnstone, Bart. 
-of Hackness. On succeeding to his estates, this enlightened gentleman 
was desirous of converting to practical effect on his farms, some of the 
geological and botanical truths which he knew to have been established 
in the museum and the laboratory ; he found in Mr. Smith the union of 
- practical and theoretical knowledge which was necessary for his object, 
and a desire to exemplify that knowledge in agricultural improvements, 
which exactly coincided with his own wishes. From 1828 to 1834, Mr. 
Smith acted as his land-steward, resided at Hackness, occupied himself 
in the usual concerns of a large landed estate, and then passed (in the 
judgment of the writer) six of the calmest and happiest years of his 
declining life. The worthy proprietor of Hackness had hoped that the 
retirement which seemed so well suited to Mr. Smith’s age and taste, 


* Memoirs of William Smith, p. 113. 
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would have been memorable for the production of the results of a life of 
scientific toil, and spared neither friendly entreaty, nor pecuniary aid, 
nor personal exertion, to bring this favourite design to effect. Mr. 
Smith meditated and wrote, but did not arrange his papers, and except 
a beautiful geological map of the Hackness estate, executed in great 
detail and with extreme exactitude, nothing of importance came from 
his hands to the public. He was now advanced to the age of sixty 
years.” 


As the Report of the British Association shows that this geological 
map was exhibited at the inaugural meeting at York in 1831, it seems 
probable that the Hackness map was drawn in 1829 or 1830. 


In the hope of tracing this, the last piece of mapping executed by 
Smith, and relating to one of the most interesting parts of our county, 
I recently communicated with the Hon. Francis Johnstone. He informs 
me that he had the estate papers looked through but was unable to find 
Smith’s map, or any of his papers. He had also asked Lord Derwent, 
who remembered the map, but it was feared it was destroyed, as 
all the family papers were burnt when the Hall was destroyed. Thus 
this fire, in addition to destroying many valuable family documents, 
robbed geological science of a great treasure. 


In Fox-Strangways’ “Jurassic Rocks of Yorkshire,” Vol. L, 
(Appendix), occurs a note to the effect that the Hackness Map was 
“<< lithographed by Day, London.” 


In a list of the ‘‘ Scientific communications received at the 
Society’s Meetings ’’ published in the Yorkshire Philosophical Society’s 
Report for 1831, I find ‘“‘ Memoir on the stratification of the Hackness 
Hills, accompanied by a Geological Map of the district, by William 
Smith Esq.” And among the “ Donations to the Library,” on page 35 
of the same report is ‘“‘ Wm. Smith Esq. Geological Map of the Hackness 
Hills.” 


This led me to enquire at the York Museum, but I regret to learn 
that, though the Society possesses many of Smith’s published maps and 
memoirs, these two important items cannot be traced. 


I next turned to the Reports of the Scarborough Philosophical 
Society, as, while staying at Hackness in his later years, Smith’s home 
was within a few miles of Scarborough, and his employer, Sir J. V. B. 
Johnstone, was at that time the President of the Scarborough Philos- 
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ophical Society. It is fair to assume therefore that Smith might have 
taken some part in the Society’s proceedings. 


My earliest copy of the report of the Scarborough Society is the 
fifth, in 1834, and I see from page 25 that Mr. W. Smith presented to the 
Society ‘‘ Lectures on the Science of Agriculture, by Sir J. Sinclair, 
Bart ; Hints on Vegetation, by the same author ; List of Members of the 
British Association for the advancement of Science ; and View of the 
Castle Hill, Edinburgh,” This is doubtless the W. Smith, judging by 
the nature of the gifts, and bearing in mind the other circumstances 
mentioned. 


I therefore wrote to Dr. J. Irving, who some time ago assisted me 
in my quest for a set of the Scarborough Society’s reports. He, with 
the librarian, Mr. Cross, has kindly made a search. He states that in 
the Society’s first report, it is recorded that the arrival of Smith in the 
district in 1820 “ gave a new feature to the study of geology, and an 
impulse to the student, which may be considered to have laid the basis 
of the Scarborough Museum.” 


It was also Smith’s suggestion that the Museum assumed the 
circular shape as being most suitable for the display of fossils arranged 
on sloping shelves according to stratigraphical order. This fact is 
referred to by Prof. Buckland in his Presidential address to the Geolog- 
ical Society in 1840. In referring to the recent death of Wm. Smith, 
he states* ‘‘ In 18177 he planned the beautiful Museum of Scarborough, 
in which he employed his original and instructive method of representing 
by sloping shelves passing one beneath the other, the inclined position 
of the strata ; each shelf bearing the fossils that are respectively charac- 
teristic of the stratum it is intended to represent.” 


Originally the museum was circular in plan, as may be judged from 
the sketch given in the Society’s earlier reports ; the side wings were 
added in 1861. 


Seeing that Smith had a hand in the designing of the Scarborough 
Museum, I thought that it was more than possible the section of 
the strata of the coast, which was painted round the building on the 


* Proc. Geol, Soc., Vol. III., p. 251. 


+ Prof. Buckland must have been a little premature here. The 
' Searborough Society was not founded until 1827, Smith went to Hack- 
ness in 1828, and the Museum was built in 1829. 


ts 
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inside, was his work. It may, however, be the work of Phillips. The 
beds, as I well remember, were shown in inverse order, as though viewed 
from the land. There appears to be no reference to the matter in the 
reports, so that the point may not be cleared up. Unfortunately, about 
ten years ago, the work was obliterated, though Dr. Irving informs me 
it was, by painting and stencil, exactly reproduced by reversal, so that 
the sections are now shown as seen from the sea. Some of the colours 


Scarbro’ Museum 


1828 


View of the Scarborough Museum as originally built ; from the 
Scarborough Philosophical Society’s early reports. 


were made more distinct ; the colours in the reproduction were copied 
from the previous chart, but they are not the colours that Smith would 
have used, such as we see on all his maps and sections. 


In answer to my enquiry in reference to the Hackness map, Dr. 
Irving states, “‘ We could find but one map, probably the one to which 
you refer, and ft, I understand, came into the Society’s possession 
during the past month or two. It is somewhat dirty, more or less 
tattered at the edges, and slighty torn.” 


It seems that this map was originally in the possession of John 
Williamson, (father of Prof. W. C. Wiliamson) who was curator of the 
Scarborough Museum in Smith’s time. He lodged with the grand- 
mother of Mr. Brogden, a member of the present Scarborough Society. 


At his death, most of his goods were sold, but the map and a few old » 


books were left in the possession of the lady, who had recently handed 


a - 
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them to her grandson, who, in turn, gave them to the Scarborough 
Museum.* 7 


In the Third Report of the Scarborough Society, for 1832, it is 
recorded that a Geological Map of the Hackness Hills given to the 
Museum was “beautifully coloured by W. Smith.” Dr. Irving, on 
making further search, states ““ This map, mounted on rollers, I find is 
still extant, but by exposure to light, has faded almost to vanishing 
point. Some years ago, it must have been rolled up and thrown 


aside.” 


There is an interesting note in the Society’s Fourth report, viz :— 
“Mr. W. Smith has been kind enough to colour for the Society Knox’s 
Excellent Map of the Vicinity of Scarborough{ ; he has also presented a 
minute geological map of the Hackness Hills. His pupil, Mr. Turn- 
bull, has received orders from Sir John Johnstone to colour Greenwood’s 
Map of Yorkshire under the eye of this great British Geologist.”’ Not 
one of these maps, however, is so far forthcoming. 


The Scarborough Philosophical Society has kindly given us the 
map which has recently come into their possession, and thus we are 
able to give a detailed description. It is 23 ins. by 36 ins. (without 
margins) lithographed, and, unfortunately, uncoloured. It is entitled, 


“ STRATIFICATION IN Hacxness Hitus / By W. Smrru. / 1832/ 
W. Day, Lits* To THE Kine / 17 Gate Sr., Lincotns Inn 


FIELDs. / 
There is a “‘ Scale of Furlongs (12 Chains to one Inch)” 


At the bottom left-hand corner is the key to the strata, which is far 

more elaborate and detailed than anything previously accomplished by 

Smith, and clearly shows that he was familiar with every part of the 
zround shown onthe map. It is headed :— 


*“ VERTICAL SECTION OF THE STRATA ”’ and shows 


* The Scarborough Philosophical Society has since presented this 
map to the Hull Municipal Museum. 

{+ This is the one issued in 1820, and before that reproduced in 
the scarce “‘ Descriptions Geological, Topographical and Antiquarian, 
in East Yorkshire, between the Humber and the Tees, with a Trigono- 
metrically surveyed map, extending twenty-five miles from Scarborough, 
ke.” By Robert Knox, 1855. Royal 8vo, 210 pp. 
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Plate XVII. 
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The village of Silpho is in the centre of the map ; in the top right 
hand corner (north) is Harwood Dale ; Lang dale Rig is in the top left- 
hand corner ; and the map includes High Dales, Wisper Dales, Low 
Dales, Barnscliffe Woods, Broxa and Broxa Moor, Silpho and Silpho 
Moor, Mount Misery, Hackness, Suffield, and Combouts. Towards the 
bottom of the map are Everley, Scalby Nabs, Scalby Drain, and Mow- 
thorpe, and finally Forge Valley. The River Derwent is shown at the 
left. Throughout, the various beds are numbered, so that the colouring 
of the map would not be a difficult matter. 


I give a reproduction of this valuable document, taken from the 
uncoloured lithograph. (Plate XVII). 


To show the accuracy of Smith’s work, I give on Plate XIX, a 
reduced reproduction of our copy of Smith’s Hackness map, which 
we have coloured from the faded copy in the possession of the 
Scarborough Society ; and on the adjoining Plate (XVIII,), a repro- 
duction of the Geological Survey Map, 1”, as surveyed by the late 
C. Fox-Strangways in 1878. 


Two other copies of the Hackness map, uncoloured, have since 
been traced at Scarborough, which have been kindly given to 
me by Mr. Sydney P. Turnbull, J.P. 


In his “ Jurassic Rocks of Yorkshire ”’ Vol. 1. 1892, p. 513, Fox- 
Strangways states that the “ old drawing,’ the original of the lithograph 
by Day of the Hackness Map, “‘is still in the possession of the Turnbull 
family.” It was shown at the “Special loan collection of scientific 
apparatus’ at South Kensington in 1877, and was described in the 
Catalogue (3rd. ed. p. 823) as William Smith’s original Geological Map 
of Hackness Hill, Yorkshire, being one of the earliest geological maps 
ever constructed on a large scale.... The maps... of the outlying 
mass of the Middle Oolite at Hackness, exhibit in a striking manner the 
great knowledge of the author, and the able manner in which he traced 
and mapped their geological structure, and pointed out its bearing 
on the agriculture of the District. The Geological Survey Map of the 
same area [hung by its side in the collection]. . . . shows that William 
Smith was well acquainted with the general details of this unique and 
somewhat obscure group of rocks. 


The late C. Fox-Strangways prepared* the following 


* loc. cit. page 514. 
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TABLE of STRATA near HacknEss showing the Divisions made by 
Witu1AM SMITH and those of the GEoLoGIcAL SURVEY. 


Mr. Smith’s Classification. 


{ 
| 
Coralline Oolite i 
¥ 
if 
{ 
| 
Calcareous Grit = 4 
| 
f 


Upper Calcareous Grit. 


Limestone. 


Spongite Coral Bed. 


Grey or Wallstone. 


Reddish yellow sand. 


Cherty bed of stone. 


Freestone. 


Oxford Clay. 


Hackness Rock. 


Clay. 


Cornbrash. 


Coaly Grit. 


Classification adopted by the 
Geological Survey. 


Upper Calcareous Grit. 


TT 


Upper Limestone 
Coral Rag. 


and 


Middle Calcareous Grit. 


Lower Limestone with 
Coral Bed at base. 


Passage Beds or Grey- 
stone. 


Lower Calcareous Grit. 
(The different bands 
noticed, but not classed 
as divisions.) 


Oxford Clay. 


o 


Kellaways Rock. 


Cornbrash with clays 
above. 


a a 


Estuarine Series. 


Portion of the 6-inch Geological Map of Hackness, as surveyed by 
C, Fox-Strangways in 1878, reproduced with the sanction of the Controller of 
H.M. Stationery Office. 


Proc, Yorks. Geol. Soc. Vol. XIX. Plate XVIII. 
Between 174-5. 


Reduced illustration of Smith’s Map of Hackness. 1832. Coloured. 


Proe. Yorks. Geol. Soc, Vol. XIX. Plate XLX. 


SYNOPSIS OF GEOLOGICAL PHENOMENA. 


SOURCES OF EVIDENCE. 


Fishes in abundance ......+++-ee0eeeeeeeeeeees 
Petrified shells are® so filled 
Cyrstals blunted prior to union in m. 
Shells in rocks not crushed, ... 
by hardening of niatter 


none in open joints and veins, .. 


Mineral veins obviously were cavities—are filled 
with spar and ore—spar, the principal filling. 
This therefore, tracec through cavities of all 
sorts, in all the rocks, from chalk to mountain 
limestone, including cavities in fossil shells, 
and those caused thereby in blocks of stone, into 
which no gross matter couldenter . 


The trade winds and sea vurrents .... 
Which force at the complition of the earth 
By the spheroidal figure of the earth 


DEDUCTIONS. 


indicate that .......sscscevecsectsssssceecees 
as to evince minute solution . 
show aqueous action........ 
therefore rocks hardened qui 
were fixed, 


therefore joints and veins opened subsequently | to 


theirfixation, 2.000 scveerr erences 


shows that all these, and thus by analogy, that .... 


are existing effects of the earth’s centri- 
fugal force. 

arrived at its maximum effect. 

water as well as land is 13 miles higher 


under the equator than at the poles. General 


=e ae therefore the force which caused that / Action 
Evidently such force was deflected by primitive general elevation under certain cir- 
rocks, and further as the matter formed, locally— cumstances was adequate to the cas- 
the elevating Joros ren ining greatest at greatest ual elevation of land, 3 or 4 miles 
depths of water ....... see eee ceeeseneesence higher than the ordinary level. ..... 
By the remains of land animals mixed up with 
Watemwornatonbscs a Ltsecc. koe eee nee: We ascertain that the . eeeceguuieaceveneress 
By th dered sti S€ hi te: 
y the Bont Baanticowe (e4 pi tere'stabteredic een There has been water in action, ......-+es+e+ees 


By the fossilshellsin those boulders, identified wi 
thosein thestratified rocks, ...........0.000- 

By the height to which the boulders and Ss 
have been raised, 


th We ascertain the way of action . 


Soxshells| We get the force of action and height of the water. 


RESULTS. 


Water prevailed. 
Polarity of atoms. 
Crystallization of particles. 


te 


-) ; (iseeeetton es 


induration, and cementation of 
| mineralized masses in the 
Stratification. 


Mineral Veins were filled by segre- 
gation, 


This uplaying fluid action was there- 
fore the origin of HILLS which with 
passes thro’ the liquid matter of all 
strata being successively kept open 
was the origin of VALLEYS. 


Earth was dry and inhabited. 


| THE DELUGE. 


| 


ILLUSTRATIVE EFFECTS OF THE DELUGE. 


By alum-shale, organised fossils, those of coal, and 
mountain limestone, and boulders from all the - 
rocks northward, in abundance, . 

By the same, .. 


By the absence of alum- Shale fossils in the vale of { Filey cliff was not * surmounted, ‘whieh gives the) 


Pickering, ...... ee gpcentecnseeeesccseeans =| 


) The effects of a great current from the N, are 


obvious on the Yorkshire coast. ...... cle eeesice 
with the like effects, 


HEIPHt OFS ee csincin one. 


) The first rush of water was by sea 
) from the North. 


Down the vale of York. from N. 
j First rush of water about 200 feet. 


By bays being filled up, and low places inland, as at | Staiths, Whitby, Seaiby, Scabro’, and all | Hioider- } by westward uplaying, 


By whinstone, porphyry, conglomerates, Jasper, | 
etc., etc, Ais ist= ies} 


By Shapfell granite, mountain limestone, ete. ... 


By sea shells on the Lancashire coast. 
By seas shells under 20 feet of gravel, .. { 
By rounded chalk and flints, ........-+e++es+0 ( 


By flints from the chalk hills,.........-s0.+00+ a 
By bouldered chalk and flints, farin ........... | 
By flints, 
By lias fossilsin gravel, of . 


By the instances cited by Mr. Phillips of slate { Moughton Fell, (see papers on Craven trocks,) ) 500 ) Current deflected, 


boulders on the side of Ingleborough. .......... | 


NNOSS) \eleisieisie 
jon Suffield heights, Bs ait 


coast of Holderness, . 


1000 feet highin Snowden mountains, .........- 
onside of ditto, from north ofIreland . 
Vale of Taunton and below Bristol, on the hills near 
Bath, Cricklade common, eisease 
Northamptonshire, Rutland and Hunti edo! 
Ashby de la Zouch, and vale of Trent, .. 
Needwood Forest, .... 


feet abave the slate, 


From the N, 


: {Cleveland hills, Lestingham,| Suffield hill, etc., tof From the N.W. 


ci With wonderful uplaying. from N.W, 
Currents from S. and S.E. 


From E, to W. 
with wonderful 
) uplaying force. 


* In the original document this read ‘and ore,” but these two words are crossed out and ‘‘ are” inserted in ink. 


+ =Lastingham, 


REMARKS. 


Where the mineral veins are ca- 
vernous, there, and there only, 
all the fine crystalline cabinet 
specimens of minerals occur. 


By the absence of Cotnish and 
Devonshire granite and schist 
boulders, and of Welsh schist 
and primitive boulders in the 
interior, 


theté seems to have 
been no general 
currents from W. 
and S.W, 


W SMITH 
Oxford, June 22, 1832, 


To fuce page 175. 
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1832. 


Apparently the last separate publication Smith issued was a single 
folio sheet, entitled a “‘ Synopsis of Geological Phenomena,” which was 
printed at Oxford in 1832 at the second meeting of the British Associ- 
ation. It measures 14 ins. by 21ins. No mention whatever appears to 
be made of this “Synopsis” in the detailed report of the Oxford 
meeting. Fortunately, one of these is preserved in the Geological 
Society’s Library, and a copy of it, in smaller type, is given herewith. 


1837. 


The first volume of The Magazine of Natural History new series, 
1837 (usually known as Charlesworth’s Magazine), contains two contri- 
butions by Smith. They are both short, but important. The first 
occurs on pages 386-7, and is entitled Practical Distinctions in Minerals, 
and is signed William Smith, LL.D., Scarborough, May, 10, 1827.* 
It reads :— 


“ PRACTICAL DISTINCTIONS IN MINERALS. 


“On March 31st, 1836, I discovered that the finest particles of mica 
and quartz in stone may be readily distinguished without the aid of 
glasses ; and, conceiving that this simple method of knowing the differ- 
ence in some of our most common minerals may be serviceable to 
geologists, I beg the insertion of it in your most useful magazine. 


‘“‘ With this view, therefore, without attempting any philosophical 
explanation of the phenomenon, I merely relate the circumstances of its 
practical application : first observing, with pleasure, that the eye, which 
gives us the power of knowing so much, and of knowing one thing from 
another so distinctly, without our being able to explain how we make 
the distinctions, is happily receiving from Sir David Brewster, and other 
philosophers eminent in optical science, that attention it is entitled to. 


“‘Mysight has been particularly good, having been able to distinguish 
objects very clearly, near and at a great distance ; and now, in my 69th 
year, I can distinguish a small speck of mica, in a brown-red sandstone, 
at the distance of 4 yards ; and, 2m the full bright light of the sun the 
brilliant reflections from facets of much smaller crystals of quartz. I 
was led to this experiment by finding amongst our Scarborough gravel, 


| * A misprint for 1837; Smith did not get his honorary degree 
till 1835. hogs 
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a brown red sandstone pebble the crystal of which brilliantly reflected 
the full hght of the sun. Viewing it in the house, on a table before my 
window, with my spectacles on, and the addition of a small pocket lens, 
the glistening specks appeared too small for me to decide whether they 
consisted of quartz or mica ; but, as I had lately selected from the same 
gravel specimens of mica slate, and mica sandstones of all degrees of 
fineness, it occured to me that small specks of mica were always 
visible without the sun’s full bright ight. I found them so ; and, by 
collating the sandstone with the finest grained micaceous specimen, 
both on one piece of paper shifted alternately into the bright and shady 
light of the sun, we have a clear and ready distinction, between the 
finest grains of mica and quartz, without the aid of glasses, and that 
even at a distance of 4 yards. 


‘‘In my practical observations on the different kinds of land, I had 
long observed, by the glistening in foot-paths, how we may readily 
distinguish the finest sand in soil; and, at Harrogate, I have often 
amused myself, on the nicely sanded footpaths about the Swan Hotel, 
by fixing my eye upon any detached crystal (of mill-stone grit) which 
brilliantly reflected the light of the sun, and not without speculating on 
the application of such brilliant reflections to some useful purpose ; but, 
in geology, the brilliancy of those facets of quartz crystals in our 
coarsest sandstone seems to render doubtful the ‘ theory of sandstones 
being derivative rocks.’— 


“ William Smith, LL.D., Scarborough, May 10th, 1827.” 


The next is entitled Coal-finding, and occurs on pages 645-647.* 
It is signed “ Wiliam Smith, Scarborough. Sep. 29th, 1837,” and is 
as under :— 


“COAL FINDING.” 


“Tn the mysterious business of coal-finding, we are warranted in 
making any reasonable experiments which may lead to a recovery of the 
range of the whole series of coal-measures, and in drawing inferences for 
our guidance in the choice of places of trial, from the most remote 
phenomena which seems to favour our purpose ; for the seemingly 
abrupt terminations of some of our coal-fields are certainly the most 
difficult problems in geology. Here, the practical man, with a vast field 


* The page number of this in the “‘ Contents’ of the Volume is 
wrongly given as 464. 
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of experience by the side of him, is at a loss how to proceed. What, 
therefore, has he to do but to seek out all the analogous cases, and, even 
if not strictly analogous, to learn, if he can, by the known the way to the 
unknown. 


“‘ Now there are certain partial interruptions to the regular courses 
of the coal-beds in the great northern run of the coal-measures which 
extends through Derbyshire and Yorkshire, which may help to elucidate 
the mysteries at the two extremities of that long coal district, and to 
satisfy us whether they really are terminations, or only great and 
unusual deflections in the ranges of those strata, deeply hidden and 
unexplored, and which, better known (perhaps only by experiment), 
may enable us to judge of the probability of uniting or extending our 
coal-fields. 


* For solving these important questions on our coal-fields, some few 
years since noticed by Mr. Coneybeare in a very general way (not 
altogether correct), I think much may be deduced, both from the 
observations of the geological phenomena, and from experience. 


“‘Some are not certainly extricable in the direction of their ranges, 
while others appear to be so; and, therefore, there is a probability of 
some of them being united. 


‘Some of the coal-fields, particularly in the middle of the island, 
seem, not yet wrought to any well defined limits of the coal series ; and, 
consequently, in such cases there is good ground for expecting an 
extension ; and especially as geology, by its settled order of superposition 
in the rocks, does away old erroneous notions of cut-ofis, &c., by the red 
rock, and by the interposition of faults or dikes. 


“From the numerous instances of now well-ascertained undulations 
across the general ranges of the strata, by which their planes are formed 
into coverns, and intermediately, in the reverse of these forms, so that 
the strata of coal may rise on one side up to an unconformable covering, 
cut off by the red marl or red rock, there may be good reason to expect 
the coal-measures to go down again on the other side of the so-called 
anticlinal line at no great distance; and especially where it can be 
ascertained that such lateral rise of strata has not brought up the 
deepest part of the coal series ; but, where the mill-stone grit or moun- 
tain limestone appears, there, with certain exceptions, the case may be 
decisive. 
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‘That there are such opposite lateral rises and dips in the strata, 
where the coal-measures are deeply unconformably covered by the red 
marl, is well known in the extensively wrought colleries of Somersetshire 
(where I commenced my studies of geology) ; the planes of the coal are 
subject to hollows and ridges, though the extent of these irregularities 
may not yet be known. 


‘“‘ We see that the strata, in part, or in the whole series of strata in 
their superficial exposures, form such natural hollows and ridges to a 
great extent, chiefly across the bearings of their ranges ; and, therefore, 
we have a right to expect such forms in them even where they are deeply. 
covered. 

“The broad and very long coalfield of South Wales terminates north 
and south with opposite rises in the strata. 


‘“‘The coal in Durham rises, in its southward boundary, nearer to 
the surface ; so that good coal is found at no great depth beneath its 
uncomformable cover of magnesian limestone. 


The northernmost coal of Yorkshire rises northward beneath a cover 
of the same limestone, and ranges EH. and W.: forming, witb its south 
western boundary, a westerly pointed figure, widening and deepening 
south-eastward. | 

‘“‘ The question of an east or north-easterly continuation of the coal- 
measures can only be entertained at the easterly end of the east. and 
west range, before mentioned ; but we must previously turn to other 
places, to see, by analogy, how far any subterraneous deflection in the 
range of the coal-measures may be thereabout expected. 


““ Along the westerly edge of the coal-measures, both in Yorkshire 
and Derbyshire, there are well known irregularities occasioned by 
elevations and depressions across the general range of the series, causing 
sinuosities in the marginal edges of the coal-fields. The lands eastward, 
over the ridges, contract, and those westward, in the hollows, expand 
the width of the coal-measures ; so that the first rise in the north side of 
the Dun causes a vacant space between Sheffield and Chapletown ; and 
the second rise south of Sheffield, and in Derbyshire, causes a vacant 
space in the productive coal-measures between the high part of Sheffield 
Park and Coal Aston ; and in the hollow between these two ridges the 
coal is thrown back under Sheffield. But there is a greater westward 
receding in the Dronfield trough, one side of which rising to the north 
causes a long east and west range through Coal Aston. 
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“We have therefore, north and south of the Dun, two east and west 
ranging lines of the coal-measures (similar to, but much shorter than, 
that on the north side of the Yorkshire coalfield), from which two east 
and west ranging lines the coal is known, in both cases, to return and 
resume its regular course. 


“ That in Derbyshire, from Eckington to Stubly, is several miles in 
extent ; but it is not from the magnitude, but from the similarity, of 
these irregularities that we may infer the probability of the coal-mea- 
sures in class of the most northerly works in Yorkshire, continuing 
easterly, or resuming a north or north-easterly range, though it may be 
at a great distance beneath their unconformably covering strata.— 


“William Smith, Scarborough, Sept. 29th, 1837.” 


On the last page of this volume is an interesting editorial note to 
the affect that ‘‘ A very highly finished and admirable likeness of Dr. 
William Smith, author of Strata identified by their Fossils, and now in 
his 69th year, has been executed on steel, by Ackerman of the Strand.” 
This is no doubt the well known portrait appearing in Phillips’ “ Me- 
moirs ”’ and elsewhere, the original painting of which occupies the place 
of honour above the President’s chair in the meeting room of the London 
Geological Society.* 

1838-9. 


One of the last pieces of work accomplished by Smith was in 
connection with the selection of stone for the Houses of Parliament. 
By the direction of the Government, Mr. Barry, Mr. (later Sir) de Ja 
Beche and W. Smith were desired to visit the various quarries for 
suitable stone, and also to examine well known cathedrals, ete. 
Eventually, the stone selected was the “firm, yellow, granular 
' magnesian limestone of Bolsover Moor, Derbyshire.” Phillips. tells 
us that “This was an investigation to which Dr. Smithy; willingly 
gave all the earnest attention which it merited, and his previous 
knowledge of nearly all the building stones and quarries in the 
kingdom was found highly beneficial to the Commission. Five 
days after the signing of the report (in London) he attained his 


* Other portraits of Smith apparently existed, for an account of 
which see Phillips’s Memoirs, pp. 125-126. 


7 The honorary degree of LL.D. was conferred upon him by the 
Provost of Trinity College, during the Dublin meeting of the British 
Association. 
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seventieth year, in excellent health and spirits, which appeared 
to promise years of thought, if not activity. Exept a few days 
employed in re-examining with Mr. Barry the quarries near Worksop, 
which had been selected by the Commission, he remained principally in 
the vicinity of Scarborough (‘ walking over farms at Silpho and Broxa, 
and other parts of the Hackness estate ’) till July.” 


Smith’s work on this Commission appears in a detailed “‘ Report to 
the Commissioners of Her Majesty’s Woods, Forests, Land Revenues, 
Works and Buildings,” dated 16th March, 1839. It is accompanied by 
elaborate tables with details of the stone, etc. The report however, is 
signed jointly and no part of it is shownas by Smithalone. Details are 
also given in the second part of a paper on “ Lithology, or observations 
on Stone used for building, by C. H. Smith. Read at the Ordinary 
General Meetings of the Royal Institute of British Architects, held on 
Monday, the 29th of April, and on Monday the 3rd of June, 1844. 
Treating chiefly of the Magnesian Limestone of Yorkshire, Derbyshire 
and Nottinghamshire, with reference to the selection of stone for 
building the exterior of the New Houses of Parliament.” * 4to. 36 pp- 
map and section. 


SMITH MSS. 


Another interesting series of papers has recently been brought to 
light by the enquiries of our friends of the Scarborough Philosophical 
and Archeological Society. As already pointed out, Mr. R. Turnbull 
was a pupil of Smith’s at Hackness, and received many of his maps and 
papers. These passed into the hands of his daughters, from whom Mr. 
S. P. Turnbull, M.A., J.P., grandson of Mr. Smith’s pupil, obtained them. 
These papers have since been given to the Scarborough Society for its 
Museum, and I am indebted to the Society for the loan of them. 

They consist of 

(a) Biographical Notice of William Smith, LL.D., by John 
Phillips. Mag. Nat. Hist., 1839, p. 215, et sec. 

(b) Geology of England. Mr. Smith’s Claims. 

(c) MS. (4pp. 8vo) apparently in Smith’s Handwriting, on 
‘“ Freestone ”’ (2 pp.) and “ Building Stone.” (2 pp.) 


* This contains the statement (p. 11) that ‘‘ The Churches at Hull, 
Beverley and Tadcaster are mostly built with magnesian limestone 
from Bramham Moor, and are in such a condition as to convey to the 
beholder a very unfavourable impression of the durability of that 
material.”’ 
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(d) A Table headed “ Elective Attractions by Solution,” and 
(e) A collection of MSS., entitled “‘ Dr. Smith’s papers.” 


They mostly have upon them the words “ A and E. Turnbull,” 
these being the daughters of R. Turnbull. 


The first of these is a reprint of Prof. Phillips’s obituary notice 
of Smith, to which we have already referred to in detail. 


The second (6) is a valuable document, which I have not previ- 
ously seen mentioned or described. It consists of 14 octavo pages, 
written in small but legible handwriting, and is lithographed. It 
appears to be in Smith’s handwriting throughout. On the front, in 
large writing, is “ Geology of England. Mr. Wm. Smith’s Claims,” and 
on the last page, “Wm. Smith, Civil Engineer, 15 Buckingham St., 
York Buildings, London, June 1818. (See p. 182). 


It was evidently published during the controversy which ensued 
with regard to priority, when Greenough published his large map for 
the London Geological Society. It contains the sentence “ Thus. 
while all who could pick up the information thus profusely scattered— 
thought themselves at liberty to publish it, I have been left to 
pursue, unrewarded and alone, the drudgery of mere substantial 
utility, and my numerous papers, from want of means, are suffered 
to remain from year to year unpublished.” 


The document is quoted 7m extenso in appendix A. 


The next document (c) is in a rather cramped hand, and presumably 
was written when Smith was well on in years, and during his work and 
connection with the Royal Commission with regard to the stone required 
for building the Houses of Parliament. It is no doubt a memorandum 
in connection with his work which was finally published after Smith 
died. It is reproduced in appendix B. 


The next (d) is a somewhat remarkable document. It is headed 
*“ Elective Attractions by Solution,” and, in Smith’s writing “‘Arranged 
by—P. and 8.—” Adjoining this, in lead pencil, is “ Phillips, after- 
wards Prof. of Geology at Oxford, and W. Smith,—Father of English 
Geology. R. Turnbull* Dec. 23. 1875. This paper must be about 
45 years old.” [2.e. c. 1830]. 


The top of the diagram, (which measures 13? ins. by 73ins.) is 


* The latter part of Mr. Turnbull’s signature is not quite distinct. 
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divided into headings, beginning with (1) Caloric, (2) Oxygen, (2a) 
Hydrogen, (3) Sulphur, (4) Saline Sulphurets, (5) Silax, (6) Alumina, 
(7) Barytes, and so on up to (64) Fixed oil. 

Beneath each heading is a row of small squares containing numbers 
or words, and most of the squares, and headings, are coloured. Below, 
the table is written in Smith’s fine handwriting :—‘‘ Oxygen and acids 
yellow, Metals blue and their oxydes green, Alkales and earths red, 
Neutral salts orange.” And, in the bottom right-hand corner, ‘““Remark. 
It appears that eight of the acids have the same effect upon the earths 
and alkalies (with the exception of Fluoric acid upon Silex) and the 
same on water and Alcohol. W. 8.” 

These initials “ W. 8.” are of the utmost importance. They are 
obviously the initials of Smith himself, though usually his signature is 
written inalarge hand. It also shows that the MSS. referred to in the 
next item (e) are in Smith’s own handwriting. The whole of the table 
above referred to is in Smith’s writing. 

On the fly-leaf of the document, a similar table is ruled out, but, 
with the exception of the heading, “‘ Elective Attractions by Fusion,” 
nothing further was done. 

On the back, in R. Turnbull’s handwriting, are the words “ By Dr. 
Smith,” which confirms the supposition in reference to the writing, 
Turnbull himself having by no means a neat hand. 

The last document acquired by the Scarborough Society is of the 
greatest possible value and importance. The cover, a piece of white 
note-paper, is in the handwriting of John Phillips* and is as follows :— 


“ Dr. Smith’s Papers. 
ise 
Smith’s Stratification of Hackness Hiilis. 
2. 
Smith on Farming. Its ill success. 


3. 
Newspaper Extracts respecting Dr. Smith. 


4. 
Snuth on Farm Buildings. 


* T have a number of Phillips’s letters and MSS. and there is no 
question about this writing. 
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5. 
Smith on Farming. 


6. 
Smith on Statistics &c.’”— 
On the top right-hand corner of this cover is the figure 8. 


On the back cover is written ) “This MS. contains 22 leaves and the 
cover 45 pages in all and belongs to A. and E. Turnbull.” 


On the inside of the cover, (numbered 9), is written, by Phillips, 
“Copy of Mr. Smith’s Memoir of the Stratification of Hackness Hills,” 
1829. The whole of this page is in Phillips’s writing, and extends to the 
words “‘ Danby Dale above Thornton extends its ramifications.” The 
next page (10) is in Smith’s writing, which is unusually small and neat. 
Apparently Phillips had written out the first page to replace the first 
page of Smith’s notes, which was doubtless damaged or discoloured. 
At the bottom of page 10 is “ V. 15.” 

This memoir on Hackness is apparently that read to the Yorkshire 
Philosophical Society, when Mr. Smith presented a copy of his Hackness 
map to that Institution. It is printed 7m extenso in appendix C. 

Page 1] is only partially filled. It is headed “Geography. Rules 
for pronunciation.” It contains sixteen lines, such as “ eaux as o, in 
Bordeaux, &c.”’ 

Pp. 12 and 15 are missing, but fortunately were apparently of no 
great importance. 

P. 14 begins “are among the most fatal snares. Alas ! there is too 
much truth in the severe observation, ‘ How few young professors are 
there, that will not forsake their Christian friends and their Redeemer, 
for an ungodly wife or husband,’”’ and there are other sentences 
quoted from “ Persuasives to early Piety, by G. Pike. 1821.” 

Below this is “‘ The penetential prayer of Archb’ Cranmer, a few 
moments before his Martyrdom,” which is quoted. 

P.15. Onthisis evidently a continuation of the Hackness Memoir. 
Below the first word “Geology]” is “ 10,” on which page occurred the 
““V.15.” This page is reproduced herewith, actual size (page 185). 
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This memoir is continued on pp. 16, 17, 18, 19, 20, 21, 22, and 23, 
and three lines are written on the bottom of the next page, which has 
been all cut away except for these few concluding words of the 
Memoir. It ends up with the date ‘* October 2nd, 1830.” 


In order to preserve it, this small fragment containing the last three 
lines of the Hackness Memoir has been pasted on a sheet from the 
same note book, which apparently contained some of Smith’s botanical 
notes. These are headings to paragraphs “ On Sap,” “ Fall of the Leaf,” 
“Size of the Vegetable Organs,” “‘ Inclination of Plants towards the 
light,’ ete. The notes themselves, however, are in shorthand—most 
clearly and beautifully written, and from the perfect outlines they must 
have taken longer to write than if in longhand ; though of course the 
signs do not occupy so much space. 


The next page (25, unnumbered) is headed “ Agriculture. An 
investigation of circumstances relating to the present ill-success of 
farming. By W. Smith.” This article, which occupies 54 pages, is 
in shorthand, with the exception of the headings :—‘land tax,” 
“In the matter between the farmer and the labourer” (?), and 
“Sources of employment.”’ 

The paper referred to occupies pp. 25-30 (unnumbered, as are the 
remainder.) 

Page 31 is headed “‘ Vegetable Phisiology ” (sic.) It is mostly in 
shorthand, but among the headings to the paragraph are “‘ Causes of the 
beautiful meadows and lawns peculiar to England,’ “‘ Manner of 
preparing a soil on a hard rock,” etc. Page 32, contains the concluding 
part of an extract from the Journal of the Royal Institution in refer- 
ence to extracting teeth ! 

P. 33 [2] is headed “‘ Extract from the York Courant and Original 
Advertiser, Tuesday, March 6, 1832. Mr. William Smith. We last week 
stated that at the Annual Meeting of the Geological Society on the 17th 
ult., it was announced that Government, on the application of Lord 
Morpeth, had granted a pension of £100 per annum, to Mr. Will. Smith, 
late of Scarbro, but now in this city, a reward for his long and valuable 
services to geology. This instance of patronage reflects great credit on 
Government.” Then follows an extract from Townsend’s ‘ Character 
of Moses established,”’ which we have already quoted. 


Next is a quotation from the Rev. R. Warner’s Literary Recollec- 
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tions, which also occupies the whole of page 34 [5] and the top of p. 35. 
[4]. It refers to Smith’s patriotism in refusing a very tempting offer 
to go to Russia to search for coal for the Russian Emperor. 


Pp. 35, 36 and 37 [4, 5, and 6], are occupied by “ Considerations 
which determine the conveniences of a small farm house and offices.” 


p. 38 is blank. 


p- 39 gives a curious insight into one aspect of Smith’s life, judging 
by the nature of the books he read. It is headed “ Books read in 
leisure hours,”’ and is as follows :— 


Doddridge’s Rise and Progress of Religion in the Soul. 
Butler’s Analogy. 
Locke on the Human Understanding. 
Conversations on Chemistry. 
Togwood’s Dissent from the Church of England. 
Murray’s Lectures on Revelations. 
-Faber’s Prophecies. 
Jone’s [ste]. Church History. 
Bate’s Harmony of the Divine Attributes. 
Wesley’s Sermons. 


page 40 is blank. 
page 41 is headed :— 


** Agriculture. Paper by Mr. Smith. Feb. 7, 1851.” It occupies 
pp. 41, 42, 43, 44 and 45 (see appendix d). 


Page 46 is blank. 

Page 47 is headed “ Politics, Statistics ete.” (see appendix e). The 
paper occupies pp. 47, 48, 49, 50, 51, 52, 53 and 54. 

Page 55 is blank, exept for the heading Religion, Theology, ete. 


SMITH MS., 1827. 


The Misses Turnbull have kindly permitted me to make the follow- 
ing copy of a document in their possession. The original letter was 
from W. Smith to Sir John Johnstone, who was anxious to help Smith 
inhis work. It throws interesting light on several Scarborough matters, 
including the Reservoir referred to on page 188. The map of York- 
shire mentioned 1s evidently that being prepared in 1826, but unfortun- 
ately the memoir on the Geology of Yorkshire never appeared. Two 


N 
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years later, in 1829, was published the first edition of “‘ The Geology of 
Yorkshire,” by his nephew, John Phillips. 
“* Scarborough, 
16 Feby., 1827. 
Dear Sir John, 

Your brother having kindly favoured me with a call and your 
address, I beg leave to trouble you with some account of my 
proceedings during your absence. Ever since you left I have been 
almost daily employed by the commissioners for improving the 
town of Scarborough which suddenly became a truly improving 
place. The church is rising fast and a grand Spaw walk is forming 
at a great height along the frightful slope of the Spaw cliff and the 

. gaping chasm between it and the cliff close against the sea is 
already united by the immense platform required for constructing 
an Iron Bridge of 5 arches 70 feet high. This grand project— 
suddenly started by subscribers from York, commenced in Nov- 
ember and is rapidly proceeding. In addition to this stupendous 
bridge, there is already constructed what some have called “a 
magnificent Reservoir ”’ and in addition to this public work lighting 
the town with gas is seriously contemplated, my share in these 
great works though least seen is considered with great satisfaction, 
not the least useful. The Reservoir situate in the high part of the 
town, is I expect, the largest covered receptacle for water in Eng- 
land. It consists of a brick built cylinder sunk near 20 feet beneath 
the solid ground, 40 feet in diameter covered with a brick dome 40 
feet span and 20 feet high, the whole of which immense arch 
consisting of 250 tons of brick work turned without centreing or 
any woodwork to support the bricks, was closed the 20th. of 
January and we are now fast proceeding with the appendages 
requisite for filling it and a better distribution of water in the town. 
Nearly the whole of this building containing 120,000 bricks is 
underground or covered with a puddle and strong bank of earth 
giving it altogether the appearance of an immense Tumulus. 

It will contain 4,000 Hogsheads of water, but the other 
Reservoir (wholly unseen) made at my suggestion in the hills at 
a trifling expense to pen up in the rocks 5,000 Hogsheads of water 
is by far the most curious and perhaps the most useful practical 
hint hitherto deduced from Geology. It has so far exceeded our 
expectation of pinning up at the calculated height of four feet the 
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above quantity that it has risen 12 feet and thence reasonably 
expected to produce in the next Summer fifteen thousand Hogs- 
heads of water—So far, I think I was never in my life more usefully 
employed but the intricate calculations required in practical 
Hydraulics and the many complicated considerations thereof 
together with the superintendance of the works has retarded the 
progress of my intended publications on Yorkshire Geology—only 
the one sheet Geological map of the vicinity of Scarborough is 
complete. The six sheet (Cary’s) new map of Yorkshire (as I shall 
now be more at liberty to complete the colouring) may shortly be 
published and notwithstanding my other engagements I have made 
considerable progress with my papers so that I think that the six 
sheet maps may be published for 3 guineas and the Geology of the 
County to accompany it for 2 guineas. I hope shortly to give 
you a better account of this work—and remain—most respectfully, 


Your greatly obliged servant, 
Wm. Smith.” 


SCARBOROUGH WATER SUPPLY, 1827. 


It is not often that Smith contributed to any of the magazines, 
but an account of his work in connection with the Scarborough Water 
Supply appears in the Philosophical Magazine, New Series, Vol. L., 
No. 6, June, 1827, p. 415. The paper was “ Read to the Yorkshire 
Philosophical Society on March 6th, 1827, and communicated by the 
Rev. W. V. Vernon, Pres. Y. P. 8.” The paper is entitled ‘“‘ On 
retaining Water in the Rocks for Summer Use,’’* and is by William 
Smith, M.Y.P.S. [Member of the Yorkshire Philosophical Society]. 


The paper begins with the usual Smithian philosophy on general 
lines, as to the desirability of conserving water. He then states: 
“In the month of May last a small quantity was found to issue from a 
bore hole made several years since for draining the land. On cutting 
an open channel up to this, the discharge increased and at the depth of 
nine or ten feet amounted to twenty-four hogsheads per hour. This 


* When it was read to the Yorkshire Philosophical Society the 
title was “‘ On the Construction of a Reservoir near Scarborough, on 
Geological Principles,’ by William Smith, Civil Engineer, Hon. Mem. 
Y.P.S. It is given in a list of Memoirs and Communications made to 
the Society, on page 45 of the Report for 1827, published 1828. 
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encouraged them to proceed; the channel under my direction was 
deepened four feet, when the discharge became for some time fifty or 
sixty hogsheads per hour. 


“Suspecting from an intermediate and subsequent diminution 
that we had drawn off a confined stock of water, and that the regular 
run of the spring at the end of a dry summer might not be found 
sufficient, | suggested the propriety of damming up the produce of this 
spring for summer use, as the previous supply was more than sufficient 
for the town in winter. 


“The circumstances were favourable for the purpose, as there 
was no other known issue of water from the rock in that hill, which is 
about a mile long, narrow on the top, and insulated in all the upper 
part of its stratification. The same rock is not opened or known 
anywhere else on these hill sides, but in a deep valley which separates 
the insular hill from the main and higher hill of Falsgrave Moor. In 
the upper end of that valley a spring was opened several years since 
in the same kind of rock, and was brought with a declivity of thirty 
or forty feet round the south end of the insulated hill, near to and high 
enough to run into the opening made to the new spring. This was 
sufficient to prove the general rise of the rock westerly in the base of 
the insular hill, and beneath an isthmus connected with the main ridge 
of Falsgrave Moor and Seamer Beacon. The rock in which the spring 
was found is a yellowish fine grained crumbly sandstone, in thick beds, 
with open irony joints, the same as in the cliff south of Scarborough 
Spa. From the quantity of carbonaceous matter in it, it is here called 
‘coaly grit.’ This sandstone, with its overlying and alternating clays, 
is analogous in position to the clay and sand and sandstone between 
the cornbrash and great oolite rocks. At the depth of ten feet the rock 
was found covered with a regular clay about four feet thick ; on this a 
mark of coal, and a thin bed of hard stone full of imperfect vegetable 
impressions ; and up to the surface a very tenacious slidden clay. The 
rock was found, by boring through it, to be ten feet thick, lying on 
clay. The channel excavated up to the spring about thirty or forty 
yards long and fifteen feet deep, at the upper end was entirely in a very 
tenacious clay partly diluvial, with a few rounded stones in it deeply 
covered by slidden clay. Within four feet of the edge of the rock lay 
gravel (deeply covered also with slidden clay), consisting of large 
and small boulders of whinstone, granite, mountain-limestone, etc., 
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which gravel, between the clay and the face of the rock tapered down- 
ward ‘ to nothing’ in the bottom of the excavation. 

“‘ About two yards within the edge of the rock (which was nearly 
as upright as the edge of a wall) a basin six feet in diameter and four 
feet deep was excavated, to receive the water flowing from the joints of 
the rock. Cast-iron pipes branching from the main line of pipes were 
laid up to this basin, to receive the regular flow of the spring, which 
before the end of summer was reduced to less than six hogshead per 
hour. The clay channel, in the bottom of which the pipes were laid, 
was refilled with clay and puddled, so that no water could pass from the 
rock but through the pipes. The end of the last pipe was closed, and 
a vertical aperture made for receiving the run of the spring. No 
further contrivance was required for stopping the water and damming 
it up in the rock, than an open vertical pipe, ground to fit tight into the 
aperture in the horizontal pipe, and this to a height of four feet was done 
by pieces of pipe, each a foot in length, tight-fitting one into another 
for the convenience of wholly or partially damming or drawing off 
the stored water as occasion might require ; the water being allowed to 
run in at the top of the pipe. 

“* After the rainy days in the beginning of November last, these 
short pieces of pipe were put in one after another, and found to dam 
up the water in the joints of the rock to the height of four feet, which 
from the quantity wasted last summer during the progress of the works 
was calculated to contain 5,000 hogsheads. The vertical pipe being 
since closed at the top (and lately also the main iron pipe), the whole of 
the water from those parts becomes forced in to the cavities of the rock, 
and now stands 14 feet deep at the spring, or ten feet higher than we 
calculated upon penning it; so that the subterraneous reservoir may 
contain 12,000 or 15,000 hogsheads of water. This will be ascertained 
in the summer as it is drawn down from time to time into the new arched 
reservoir in the town. This reservoir, formed of a brick cylinder 18 
feet deep, sunk in the ground, and covered by a dome 40 feet span and 
20 feet high, surrounded by a strong bank of earth, is calculated to 
contain 4,000 hogsheads.”’ 

The paper is dated, “‘ Scarborough, Feb. 5, 1827.” 


NOTICES OF SMITH’S WORK. 


In addition to the remarks made by Phillips in his “Memoirs cf 
Wilham Smith,” referred to at the commencement of this paper, 
other references to Smith’s work have been made. 
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CONYBEARE AND PHILLIPS, 1822. 


In the Introduction to ‘‘ Outlines of the Geology of England and 
Wales,” 1822 (pp. xlv-xlvii), W. D. Conybeare and W. Phillips give 
an excellent tribute to the worth of Smith, which, being contemporary 
with Smith, seems likely to be the more reliable. They say :— 

“In 1790 Mr. William Smith (a name which can never, in tracing 
the history of English Geology, be mentioned without the respect due 
to a great original discoverer) appears to have commenced his re- 
searches in the neighbourhood of Bath, having in that year drawn up 
a tabular view of the strata exhibited in that district, which in fact 
contained the rudiments of his subsequent discoveries. Ten years 
afterwards he circulated proposals for publishing a treatise on the 
Geology of England to be accompanied by a coloured map and sections, 
and in the interval had freely communicated the information he 
possessed in many quarters, till in fact it became by oral diffusion 
the common property of a large body of English Geologists, and thus 
contributed to the progress of the science in many quarters where the 
author was little known. In this same interval, between 1790 and 1800, 
several volumes of reports were published by the Board of Agriculture, 
many of them containing much local geological information ; and to this 
Board must undoubtedly be ascribed the honour of having produced the 
earliest geological maps of any part of England, for its first series 
of reports published in 1794 contains very adequate geological maps 
of the North Riding of Yorkshire, of Derbyshire, and of Nottingham- 
shire, and a less perfect one of Devonshire ; that of Kent, published in 
1796, has a regular geological map of that county (which, indeed after 
the treatise of Packe in the beginning of the century it was easy to 
construct). Between this date and 1813, the same Board has also 
given useful maps of Sussex, Surrey, Berks, Bedford, Gloucester, Wilts, 
Lincoln, Durham, and Cheshire, besides publishing the second report 
of Derbyshire dedicated exclusively to its mineralogy by Mr. Farey. 
Maton’s tour through the western counties published in 1796, has also 
a regular though of course imperfect geological map of the west of 
England. 


«These are certainly the earliest published geological maps of any 
part of this island; but it is probable that Mr. Smith had already 
commenced the manuscript of his own, which after many delays at 
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length made its appearance in 1815, and was succeeded by various 
county maps on a larger scale, sections, etc. 


“ PD’ Aubisson has liberally said of this great performance of an 
unassisted individual :— 


‘““* That which the most distinguished mineralogists have accom- 
plished in a small part of Germany in half a century, one man alone 
(Mr. William Smith, mining engineer) has taken in hand and executed 
for the whole of England; and his work, as beautiful in its results 
as it is amazing in its extent, has led to the conclusion that England 
is divided regularly into strata, that the order of their superposition 
is never inverted, and that they are exactly similar fossils which are 
found in all parts of the same stratum even at long distances away. 


«In paying to the work of Mr. Smith the tribute of admiration 
which is due to it, I may be permitted to hope that further observations 
may confirm its correctness, and already, on several points, the work 
of the English mineralogists has confirmed it.’ ” * 


“ Nor is this praise in any respect too high ; to say indeed that the 
first Geological map of any country is likely to be free from material 
imperfections, is to maintain a position which everyone acquainted 
with the ordinary progress of science must feel to be untenable. This 
is an object only to be gained by a series of gradual approximations, and 
it is by no means a small tribute of commendation to say that Mr. Smith 
has commenced that series with a performance, in which the trifling 
errors of detail which it may exhibit, bear no proportion in importance 
to the great general views which it correctly lays down. If we cast 
a rapid glance over this and his other publications, beginning with his 
representations of the more recent strata, and descending the geological 
series, we shall at once see what he has achieved, and added to our 
previous information, and what he has left for others. The tertiary 
beds above the chalk he has represented only generally, their more 
accurate division having been reserved for the researches of Mr. Web- 
ster, &c.; the chalk formation he has laid down with great precision, 
but its limits had, as we have seen, been before generally stated by many 
authorities : hence through the series of sands and oolites, down to the 


* This quotation, in the original, is given on the back of the title- 
page of Phillips’s “‘ Memoirs of William Smith.” 
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new red sandstone or red ground, the whole field is, with few and 
immaterial exceptions, entirely hisown. Before his researches it would 
have been known only under the vague designation of a district of 
secondary shell limestones and sandstones, and to him we owe the 
attempt, in most instances successfully made, to ascertain by precise 
determinations the various and important members of this series, and 
to trace them from one extremity of the island to the other. In this 
enterprise (sufficiently arduous to try the powers and establish the repu- 
tation of any individual entering upon the ground hitherto untrodden) 
he may, perhaps, in some instances have suffered a few omissions to 
escape without detection, and more rarely have identified too hastily 
beds in distant parts of the country really belonging to different for- 
mations ; but still the great mass of his divisions remain unquestioned 
and unquestionable, and has been adopted, though with an occasional 
change of nomenclature, and have a few requisite corrections, by all 
the geologists who have followed his steps, as well as in the present 
work. The carboniferous districts are also on the whole represented 
with a near approach to correctness, but are far inferior in this point 
to those occupied by the series last mentioned, and here there was 
also extant a greater quantity of previous materials; the districts 
of the old red sandstone, and those occupied by the transition and 
primitive rocks, are very inadequately represented. 


“Subsequently to the publication of Mr. Smith’s map, in 1819 
another on nearly the same scale was published by Mr. Greenough ; 
the execution of this is more minute and delicate, and the details more 
exactly laboured; the general configuration of the surface of the country, 
its hills and vallies, are represented with far more precision than had 
previously been attempted in any general map of the island—points 
which did not enter into the construction of Mr. Smith’s map; and 
many of the imperfections of the former are removed.” 


W. C. WILLIAMSON, 1896. 


In ‘‘ Reminiscences of a Yorkshire Naturalist,” by the late W. C. 
Williamson (1896) one or two interesting references to Smith occur. 
Williamson says: “ In 1824 my father* became personally acquainted 
with the great Father of Geology, William Smith, and with his subse- 


* John Williamson, the first Curator of the Scarborough Museum. 
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quently distinguished nephew, the late Professor John Phillips. In 
1826 Dr. Smith and his eccentric wife established themselves in our 
house, where they dwelt for a considerable time. ... . One of the 
grandest figures that ever frequented Eastern Yorkshire was William 
prutn. . ... My boyish reminiscences of the old engineer, as he 
sketched a triangle on the flags of our yard, and taught me how to 
measure it, is very vivid. The drab knee-breeches and grey worsted 
stockings, the deep waistcoat, with its pockets well furnished with 
snuff, of which ample quantities continually disappeared within the 
finely chiselled nostril, and the dark coat with its rounded outline and 
somewhat quakerish cut, are all clearly presentinmy memory. Spend- 
ing the greater portion of his morning in writing, towards noon he 
would slowly wend his way to the museum, where he always found in 
my father a friend with whom to gossip about the rocks of the Cotswolds, 
the clays of Kimmeridge, or the drainage of the Eastern Fens. He 
would expound in a Coleridgean fashion his ideas of their relation to 
the strata of Yorkshire and of the other parts of England. His walking 
pace never varied, it was slow and dignified ; he was usually followed 
a tew yards in the rear by his rose-cheeked partner in life. We havea 
thousand times contemplated the fine old man, who, amid his favourite 
haunts, thus laid the foundations of geological science.” 


1826. 


From the Report of the Council of the Yorkshire Philosophical 
Society for 1826,* we learn that “‘ The Yorkshire collection has also 
been enriched by an extensive suite of fossils (presented by Mr. 
Dunn and Mr. Bean) containmg some new crustaceous kinds, from 
the grey shale near the base of Scarborough Cliff, which Mr. Smith 
has identified with the Oxford Clay..... But the most valuable 
geological present which the society has recewed, is a map of the 
north-eastern part of Yorkshire, in which Mr. Snuth has laid down with 
accuracy his recent discoveries. He has, at the same time, announced 
his expectation of completing, in a short time, his description of the 
whole county, on the excellent sheets lately published by Mr. Cary ; 
and proposes to accompany his map with a work comprising a detail 
of the numerous observations on which the colouring is founded. The 
council cannot forbear from expressing a strong hope, that this work 


* Yorks 1827, p.. 15. 
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will be patronized by liberal subscriptions, and afford the author some 
remuneration for a long life of successful, but ill rewarded labour in 
the service of science.” 


The map presented to the Society would presumably be the north- 
east section of his map of Yorkshire issued four years previously, 
and the “map shortly to be issued on the maps by Mr. Cary,’ was 
presumably a new edition of this. I cannot find, however, that 
a new edition was published ; certainly the proposed “‘ accompanying 
work ”’ never appeared. 


JOHN PHILLIPS, 1829. 


In 1829 appeared the first edition of John Phillips’s well-known 
* Illustrations of the Geology of Yorkshire.’’ This was dedicated 


ge 

WILLIAM Situ, Esq., 
WHO HAS SPENT HIS LIFE 

IN ESTABLISHING THE 

PHILOSOPHICAL PRINCIPLES OF GEOLOGY, 
AND IN APPLYING THEM, WHEN ESTABLISHED, 
TO PRACTICAL USE, 
THis Work 
IS RESPECTFULLY DEDICATED, 
By nis AFFECTIONATE NEPHEW, 
AND GRATEFUL PUPIL, 
JOHN PHILLIPS. 


In his “ Introduction’ to this work Phillips makes the position 
in regard to Smith’s investigation very clear. He says :— 

“The first person in England who studied, and who taught others 
to study, the structure of the earth upon the strict principles of the 
inductive philosophy, was Mr. Smith. Having provided himself with 
methods of identifying the strata by an attentive examination of all 
the circumstances which distinguish the one from the other, and 
especially by a comparative survey of their organic contents, he ex- 
tended his observations to districts far distant from that in which 
they were originally commenced, and fixed at length on a substantial 
basis, the important doctrine of general formations. It was in 1794, 
that Mr. Smith first saw the wolds and moorland hills in the eastern 
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part of Yorkshire; and guided by the knowledge which he had even 
then acquired, of the correspondence of contour between different 
portions of the same strata, he decided at once, on a distant view, that 
the wolds were composed of chalk, and that the moorlands belonged to 
the oolitic series of rocks. This opinion was fully expressed in his 
manuscript Map of the Strata of England, for the publication of which 
proposals were issued in 1800. 


“The coast was afterwards further examined by him in 1813; 
in 1817, I had the advantage of accompanying him to Whitby and 
Scarborough, and was much occupied there with him also in 1820. In 
his Geological Map of Yorkshire published in 1821, the lines of chalk, 
Kimmeridge Clay, and coralline oolite, are traced with considerable 
accuracy, but the lower beds are erroneously named, owing to the 
anomalous character of the strata, which in this district represent the 
oolites of Bath. The error, however, was quickly discovered by 
Mr. Smith, and corrected in several copies of the map which I coloured 
for his friends. In the same year he shewed me some fossils collected 
by him near Scarborough, which I immediately recognised as belonging 
to the Kelloways rock ; but so cautious is this experienced geologist in 
the application of his own rules, that he scrupled to rely on such evi- 
dence of indentity between two points so distant as the localities in 
Wilts., and in Yorkshire ; and it was not until 1824, that he satisfied 
himself by a re-examination of the cliffs at Scarborough, with a par- 
ticular view to their relations with other rocks, of the distinct existence 
there, both of this and of most of the other members of the series which 
lies between the coralline oolite and the the lias.” 


PETTON 1833 


In an admirable series of ‘“ Notes on the History of English 
Geology,” Dr. William Henry Fitton, F.R.S, in The Philosophical 
Magazine (1832-3) reviews the claims of various geologists in regard 
to discoveries in stratigraphical geology. Much of his paper is ad- 
mittedly on similar lines to the notes which appeared from his pen, 
though not signed, in The Edinburgh Review for 1818. 


The Section of the paper appearing in The Philosophical Magazine 
for February 1835 is almost entirely devoted to Smith’s work. He 
had previously carefully, even generously, considered the claims of 
other workers. He concludes :— 
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“This sketch of the progress of geology in England has now been 
brought down to the period of Mr. Smith’s publications ; beyond which 
it was not the intention of the writer to extend it. In the course of 
these remarks, conflicting claims may possibly have been weighed with 
too much exactness, against observations not in the first instance 
derived from study, but suggested by sagacity, or almost spontaneously 
arising from the facts as they came into view. It may, therefore be 
right to repeat, that nothing has been stated here with any intention to 
question the consciousness of originality, in those inquirers whose 
observations we have shown to have been anticipated. No better 
conclusion for this paper can be adopted, than a passage from the elo- 
quent and effecting address delivered from the chair of the Geological 
Society, in conferring upon Mr. Smith the first mark of public gratitude 
which it was in the power of that body to bestow. Mr. Sedgwick, while 
exercising upon that occasion, what he justly calls the ‘ high privilege ’ 
of rewarding distinguished merit, has thus adverted to the labours of 
preceding inquirers :— The works of these authors were, however, 
entirely unknown to Mr. Smith during his early life, and every step of 
his progress was made without any assistance fromthem. But I will go 
further, and affirm, that had they all been known to him, they would 
take nothing from, the substantial merit of his discoveries. Fortunately 
placed in a country where all our great secondary groups are brought 
near together, he became acquainted in early life with many of their com- 
plex relations: he saw particular species of fossils in particular groups 
of strata, and in no others; and giving generalization to phenomena, 
which men of less original minds would have regarded as merely local. he 
proved, so early as 1791, the continuity of certain groups of strata, by 
their organic remains alone, where the mineral type was wanting. He 
made large collections of fossils; and the moment an opportunity 
presented itself, he arranged them all stratigraphically. Having once 
succeeded in identifying groups of strata by means of their fossils, he 
saw the whole importance of the inference,—gave it its utmost extension, 
seized upon it as the master-principle of our science ;—by the help of it 
disentangled the structure of a considerable part of England,—and 
never rested from his labours till the public was fairly in possession of 
his principles. If these be not the advances of an original mind, I do 
not know where we are to find them : and I affirm with confidence, after 
the facts already stated, that the Council of the Geological Society were 
justified in the terms of their reward ; and that Mr. William Smith was 
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the first in this country to discover and to teach the identification of 
strata, and to determine their succession, by means of their imbedded 
fossils.’ ” 


This article is illustrated by a large folding plate on which are 
represented (a) “ Mr. Stracey, 1719. Section of Coal Mines in Somer- 
setshire,” (b) “‘ Mr. Stracey, 1715, Structure of the Globe ;”’ (c) “ Mr. 
Mitchell, 1760, Internal Structure of the Earth,” and (d) “ Mr. Smith, 
1817. Section of England and Wales from Snowdon to London.” 


This last, I believe, is the only time any of Smith’s sections have 
been reproduced. It had been redrawn and reduced for the purpose, 
but the detail is so clear that I am reproducing it in preference to a new 
tracing such as are made for other of Smith’s sections. (See pl. XIV. 
Fig. 1. 


BRITISH ASSOCIATION, OXFORD, 1832. 


The following is an extract from the Report of the second meeting 
of the British Association at Oxford in 1832, (p. 99.) :— 


“ At the conclusion of the minutes of the Geological Section, 
the President requested the meeting to allow the Wollaston Medal, 
which had been awarded by the Geological Society to Mr. William, 
Smith, to be delivered to him in the presence of the members of the 
Association. The President of the Geological Society, Mr. Murchi- 
son, having in consequence presented the medal to him, in the name 
of that Institution, as a testimony of respect to the acknowledged 
‘Father of English Geology,’ Mr. Smith expressed his gratitude 
for the high honour which had been conferred upon him in the 
Assembly of the British Association, and in the public theatre of so 
distinguished a University, an honour, he said, which was the more 
grateful to his feelings, from the circumstance of Oxfordshire being 
his native county. He little thought in his youth that so proud a 
moment as the present would ever arrive ; and he trusted that his 
example and success would stimulate others to follow in the same 
course. In devoting himself to his geological pursuits, and opening. 
a new page of knowledge, he had had the satisfaction of procuring 
the good will of many kind and indulgent friends ; he hoped that he 


had served his country, and in so doing, he had endeavoured to 
serve his God.” 
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BRITISH ASSOCIATION, CAMBRIDGE, 1833. 


Smith was also present at the British Association at Cambridge in 
1833. In that year was published a quarto volume of “ Lithographed 
Signatures of the members of the British Association for the Advance- 
ment of Science, who met at Cambridge, June M.DCCC.XXXIII,” on 
page 26 of which, in a good “‘copper-plate”’ hand, and more legible than 
any other signature in the volume, is that of 


Lb) LO” Spree Geatogeal 0 lieing Jlattihosn 


We learn from the Magazine of Natural History (Vol. II., N.S., 
1839, pp. 217) that “ In 1808 the president and other members of the 
Geological Society visited Mr. Smith, and saw his collection of fossils. 
In 1811 appeared the first volume of the ‘ Geological Transactions ’ 
in which Mr. Smith’s discoveries regarding organic remains are noticed ; 
in 1813 the Rev. Joseph Townsend published the first volume of his 
curious work, ‘The Character of Moses vindicated.’ ”’ 


In his introductory remarks Mr. Townsend pays the following 
tribute to Smith (pp. iv-v.) :— 


“The person by whom he* was first led to trace and clearly to 
ascertain the succession of strata in our Island, is Wm. Smith. The 
discoveries of this skilful Engineer have been of vast importance to 
geology, and will be of infinite value to his nation. To a strong under- 
standing, a retentive memory, indefatigable ardour, and more than 
common sagacity, this extraordinary man unites a perfect contempt 
for money, when compared with science. Had he kept his discoveries 
to himself, he might have accumulated wealth: but with unparalleled 
disinterestedness of mind, he scorned concealment, and made known 
his discoveries to every one who wished for information.” 


“It is now eleven years since he conducted the author in his 
examination of the strata, which are laid bare in the immediate vicinity 
of Bath. Subsequent excursions in the stratified and calcareous 
portion of our island have confirmed the information derived from this 
examination.” 


* i.e. Townsend. 
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Phillips* informs us that “‘ At this period of his life Mr. Smith was 
utterly unacquainted with books treating of the natural history of 
the earth; he had no other teacher than that acquired ‘habit of 
observation ’ which he has justly recommended to his followers. It is 
difficult in these days to conceive of such insulated and independent 
research, as that into which the young philosopher entered ; rumours 
at least of the progress of science now circulate through the Cotteswold 
Hills ; and it would be impossible for the most reserved student to be 
wholly uninfluenced by them. That Mr. Smith was so uninfluenced 
is a fact attested by the very nomenclature which he created and 
established in Geology. The ‘cornbrash,’ the ‘forest marble,’ the 
‘lias,’ etc., form a system of names almost barbarous to ears polite, 
but so firmly rooted in English Geology, as to constitute a most durable 
monument of the sagacity and originality of their author.” 


William Smith, Author of the Geological Map of England ” was 
on the Sub-Committee of Geology and Geography appointed at the first 
meeting of the British Association at York in 1831., The other mem- 
bers were W. Buckland, W. D. Conybeare, Sir Philip G. Egerton, J. D. 
Forbes, G. B. Greenough, W. Hutton, R. I. Murchison, J. Phillips, A. 
Sedgwick, H. Witham and J. Yates. At this meeting William Smith 
exhibited his “‘ Geological Map of the district round Hackness.”’t 
Smith was also on the same Committee at the Oxford meeting in 1832. § 


In the first Report issued by the British Association, which 
contained reports of both the York and Oxford meetings, the Rev. 
W. D. Conybeare gives a “ Report on the Progress, Actual State, and 
Ulterior Prospects of Geological Science.” In this he says (pp. 370-371), 
“* The English School has distinguished itself by the ardent and success- 
ful zeal with which it has developed the whole of the secondary forma- 
tions; in these the zoological features of the organic remains associated 
in the several strata, afford characters far more interesting in themselves 
and important in the conclusions to which they lead, than the mineral 
contents of the primitive series. This school generally recognises the 
masterly observations of Smith, first made public in 1799, as those 
which have principally contributed to its establishment ; although the 


* Mag. Nat. Hrst., Vol. IIl., p. 215. 
+ See lst Report Brit. Assoc., p. 47. 
t loc. cit., p. 91. 

§ See Rep. Brit. Assoc., p. 114. . 
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regular distribution of organic remains had before been recognised in 
Italy by Steno, and in France by Rouelle ; and although Werner in 
his lectures, and Saussure. . . appear to have indicated generally that 
the laws of this distribution bore a relation to the geological age of 
the formations containing them, yet a degree of vagueness hung over 
the whole subject, which precluded any extensive or useful application 
of this great principle, until the acute observations of Smith first 
brought it prominently forward in all the precision of exact detail as 
applied to a vast succession of formations, including the most important 
portion of the geological series ; and as from his situation in life we 
must consider the discoveries of Smith as the extraordinary results of 
native and untaught sagacity of intellect, they must on this account 
be held to challenge a still warmer tribute of approbation, and may be 
regarded as strictly original in him, even where faint traces of antici- 
pation may be found in Continental writings little likely to have fallen 
beneath his observation.” Later, Conybeare adds*: ‘“‘ The publica- 
tion in 1815 of Smith’s general geological map of England, succeeded 
by his more detailed separate county maps, illustrated by the work 
of the same author on ‘The English Strata identified by Organic 
Remains,’ and by the contemporaneous production of Sowerby on 
Mineral Conchology, filled up the whole great outline of English Geology, 
and left to those who followed little more than the task of condensing 
and concentrating what was already ascertained, and enlarging and 
rendering more precise the detail.” 

It is interesting to thus get a contemporary estimate of the value 
of Smith’s work, on the authority of Conybeare, particularly when it 
is remembered that in all probability Smith was present and heard 
the address delivered. 


BUCKLAND, 1840. 


In his Anniversary Address to the Geological Society; in February, 
1840, Prof. Buckland gave a lengthy account of the work of William 
Smith, who had recently died. He stated that “ the establishment of 
the types in secondary geology, from the chalk to the new red sandstcne, 
is due to England ; and the discovery of the leading natural divisions of 
that important portion of them which constitutes the oolite formations, 
was almost exclusively the work of Mr. William Smith.” 


* loc. cit., p. 373. 
+ Proc. Geol. Soc., Vol. III., 1840, p. 249, et sec. 
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Buckland gives us the information that “ among bis unpublished 
papers were found unfinished and in part printed, an introductory work 
on geology, and preparations for a volume on Economic Geology, both 
illustrating the originality of his views.” 


MITCHELL, 1869. 


W. Stephen Mitchell contributed some notes on “ The Centenary 
of William Smith’s Birth” to the Geological Magazine for 1869, pp. 
356-9. He dealt with the question of the actual dates of some of Smith’s 
discoveries, made from an examination of the papers of the Coal Canal 
Company, Bath. The author concluded “ The coraection of William 
Smith with Bath during the development of his geological ideas, is 
thus summarised :—The examination of the district between High 
Littleton and Bath first led him to suppose a regularity in the suc- 
cession of all the strata ; the planning of the Somersetshire Coal Canal 
near Bath, was the cause of the tour through England which enabled 
him to confirm his supposition: the difficulty in distinguishing ‘ the 
Oolitic rocks on and near the end of the canal towards Bath led him 
to the discovery of a mode of zdentifying the strata by the organized 
fossils respectively embedded therein.’ 

“The first collection of fossils stratigraphically arranged was made 
by him, at Cottage Crescent, Bath. 

“The first table of the order of strata was drawn up by him at 
Pulteney Street, Bath. 

“ The first geological map known is his map of the district of Bath. 

“The first geological map of England was coloured by him, while 
living near Bath. 

“The first announcement of the publication of a geological map 
of England, was his ‘ prospectus ’ dated from Midford, Bath. 

The first introduction of his discovery to public notice, was through 
the friends he made in Bath.” 

This paper contains a note that in 1869, ‘‘ the Committee have 
agreed to place a tablet on the walls of the [Royal] Institution in Bath 
to commemorate Smith’s connection with that city.’’* 


* This was not carried out, but instead, a tablet was placed on 
the Mill where Smith lived ; as will be seen later. 
O 
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MITCHELL. 1873. 


In the Geological Magazine for January, 1873, p. 31, “A book 
about William Smith and the Somersetshire Coal Canal, with an account 
of the Origin of Stratigraphical Geology of England. By W. Stephen 
Mitchell LL.B., F.L.S., F.G.S.,” was announced for publication by 
subscription at one guinea. 


The book “is designed to bring together into one record all the 
information that can be obtained of the geological work of the “‘ Father 
of English Geology.” Unfortunately, the work never appeared. 


‘“* Notes and Queries on the Classification and Nomenclature of the 
English Strata. By W.8S. M.” [W. Stephen Mitchell], appeared in the 
Geological Magazine, 1873, pp. 113-115 and 355-356. They refer to 
the nomenclature on Smith’s Map. Probably these notes were pre- 
pared for the “ Book about William Smith” which was not published. 


1877. 

In the Geological Magazine for 1877, page 378, G. 8. Boulger pointed 
out that Mr. Edward Stanford had recently purchased the sixteen 
copper plates for W. Smith’s original atlas, and he suggested that they 
should be purchased for the Geological Society. Apparently the 


suggestion was not agreed to.* 


Through the kindness of Mr. Meredith T. Whittaker of Scarborcugh, 
I have seen a copy of the First Report of the Scarborough Philosophical 
Society, bound up with which are reports of the opening ceremonies 
in connection with the Scarborough and York Museums; the former 
in 1829 and the latter in 1830. On both occasions Wm. Smith was 
present, and spoke; the report of one of his speeches giving us the 
exact date vf the completion of the first draft of his Hackness Map. 


On the fourth page of the Scarborough Philosophical Soc_ety’s 
Report is the following copy of the 


* Prof. Boulger informs me that there was no response to his appeal, 
and that the plates were melted down. It seems difficult to believe 
that in 1877 there was not sufficient interest in Smith’s work to enable 
English geologists to pay for the price of the copper in order to preserve 
these historical plates. 
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INSCRIPTION ON A BRASS PLATE 
Attached to the 
Foundation Stone of the Museum. 
This Building, Erected for a Museum, 

By Subscription of the Members of the 
SCARBOROUGH PHILOSOPHICAL SOCIETY. 
was begun April 9, 1828. 

The Principal Projectors were, 

Sir John V. B. Johnstone, Bart., President ; 
Thomas Duesbery, Esq., 
who presented the collection of the late Thos. Hinderwell, Esq.; 
Robert Tindall, Jun. Esq., Chairman of the 
Building Committee ; 
John Dunn, Esq., Secretary ; 
William Smith, Esq., Geologist ; 
Mr. Bean and Mr. Williamson, Naturalists. 


This bears Smith’s name and lends colour to the remark in the 
report that Smith suggested the circular shape of the Scarborough 
Museum. 

The first pamphlet is 12mo., 16 pp. and is entitled “‘ Proceedings 
at the Public Dinner, on the opening of the Scarborough Museum, on 
Monday, Aug. 31, 1829 [Extract from the Yorkshire Gazette]. The 
following appears on pp. 14-15 :— 

‘Sir George Cayley said, he would propose the health of an 
individual who was not only really and bona fide the discoverer and the 
father of Geology, but who had brought the Science before them, and 
made it demonstrably apparent ; and whose observations and discov- 
eries had not only been extremely useful in this country, but on the 
continent—Mr. Smith, the Father of Geology,—three times three. 


‘‘ Mr. Smith, in returning thanks, expressed the pleasure it gave him 
to be in any measure useful ; he only wished to live for this purpose, and 
he was sorry that he could do no more for the science at present. He 
had much more information in store ; and he had this day produced a 
map of the stratification of the Hackness Hills. His maps and papers 
were so numerous, that he had neither time nor means to bring them 
before the public. 
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‘« Sir J. Johnstone begged for one moment to interrupt Mr. §., and to 
state, that if he could do anything for him he would, in easing him of the 
burden of any part of his maps, &c., if he would prepare them and 
bring them out,—[Mr. Smith, we understand, is at present land steward 
to Sir John]. 

‘Mr. Smith resumed. He had more MS. than he could carry 
already in store; and it would want more time and means than he 
possessed, to send it to the press. But if assistance was given to him, 
he should use his endeaveurs. He was beginning to lose the use of his 
faculties, his hearing being nearly gone, and therefore he wished to lose 
no time ; and nothing he was sure would give him more pleasure, than to 
promote the objects of science. 


‘ Sir John Johnstone again rose and said that nothing would give him 
greater pleasure, than an opportunity of rendering Mr. Smith assistance, 
both by pecuniary means and leisure time ; and he hoped soon to see his 
MSS. in a proper form to bring before the public. He had had a 
conversation with Mr. Phillips (nephew to Mr. 8.), who had said that he 
would lend him all the assistance in his power, as he considered himself 
greatly indebted to Mr. Smith, for the instructions he had given him in 
his youth. 


‘Mr. Smith expressed his thanks for the kind offer, and said he 
should prepare them and bring them forward.” 


The second pamphlet “extracted from the Yorkshire Gazette of 
February 6th,” 1830, [36 pp.] is entitled ‘‘ Proceedings of the Annual 
Meeting of the Yorkshire Philosophical Society, and opening of the 
new museum, February 2. 1830.” This includes an account of “ The 
Dinner.’ From the account of this (p. 31) we find that the Chairman 
gave the health of Mr. Smith, the Father of English Geology. 


‘Mr. Smith returned thanks ; and said, he could truly say with Mr. 
Atkinson, that nothing gave him greater pleasure than the promotion 
of science, and particularly in assisting this Society ; for he had been 
very handsomely received in this county, where he had now been resident 
many years. He had always endeavoured not to be behind in the 
March of Intellect ; and had early habituated himself to habits of obser- 
vation, reflection, and of combination ; and this was the only way to 


* Apparently the only tangible result of this was that the Hackness 
Map, completed on Aug. 3lst, 1829, was lithographed by W. Day, 
(in outline only), in 1832. 
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acquire useful knowledge. He gave, at some length,* an account of the 
progress of his discoveries ; the origin of which he dated about forty 
years ago, when he was employed in superintending canals and coal 
mines, and in surveying land, in the west of England ; and concluded 
by returning thanks for the honour the company had done him.” 


MEMORIALS, Etc. 


A bust surmounts a tablet to Smith’s memory “ within the 
fine old Norman Church + at Northampton, where he lies buried a 
few feet from the west tower. The bust is placed within the church, 
against the west wall ot the nave, south of the grand Norman arch over 
the entrance to the tower.” { It stands on a marble pedestal inscribed : 


**To honour the name of William Smith, LL.D. This monument 
is erected by Friends and Fellow-labourers in the same field of British 
Geology. Born 23rd. March, 1769, at Churchill in Oxfordshire, and 
trained to the Profession of a Civil Engineer and Mineral Surveyor. He 
began, in 1791, to survey collieries and plan canals in the vicinity of 
Bath, and having observed that several strata of that district were 
characterised by pecullar groups of organic remains he adopted this 
fact as a principle of comparison, and was by it enabled to identify the 
strata in distant parts of this island, to construct sections, and to 
complete and publish in 1815 a Geological Map of England and Wales. 
By thus devoting, during his whole life, all the power of an observing 
mind to the advancement of one branch of Science, he gained the title of 
the “ Father of English Geology.” While on his way to a meeting of 
the British Association for the Advancement of Science at Birmingham, 
he died in this town, at the house of his friend George Baker, the histor- 
ian of Northamptonshire, 28th of August, 1839.” 


A photograph of this bust is given by Dr. Woodward in his 
paper quoted, and through his kindness we are able to reproduce the 
block (pl. XXI.). A copy of the bust is with the Smith collection in 
the British Museum (Natural History) ; another is with the Geological 
Society, London, another is at Scarborough in the possession of the 
Misses Turnbull, grand-daughters of Smith’s apprentice at Hackness. 


* This ‘at some length’ was evidently one of Smith’s weaknesses. 

+ St. Peter’s. Phillips states All Saints’, but that is an error. 

{ Woodward, Proc. Bath. Nat. Hist. and Antiq. Field Club. 
Vol. X., Part I., 1902, p. 12 (of reprint). 
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With regard to this bust at Northampton, Dr. Henry Woodward, 
both in the Geological Magazine and in the Bath Society’s Transactions, 
states it is by Chantrey. The Vicar of St. Peter’s doubted this. Dr. 
Woodward informs me that he cannot now remember where he obtained 
the information. The original marble bust of Smith was in the 
possession of his nephew, the Professor of Geology at Oxford. I 
therefore wrote to Professor W. J. Sollas, who informs me that the 
bust is still at Oxford, and that it bears the name of ‘“‘ M. Noble” at 
the back. Noble lived at Hackness for some years. There is a plaster 
replica of the Oxford bust in the possession of the Misses Turnbull, 
Scarborough. Mr. Barker informs me that on the back of it is in- 
cised ““W. Smith, LL.D, M. Noble, 1848.” 


I am indebted to Mr. R. H. Barker for the following note in 
reference to this sculptor :— 


Matthew Noble, the eminent sculptor, was a native of Hack- 
ness, near Scarborough, where his family, for at least three 
generations, were employed as Stone Masons on the estate of the 
late Sir J. V. B. Johnstone Bart, M. P. He was born in the year 
1816, and early in life, he assisted his Father in work on the 
Kstate. 


As a young man, he was proficient in modelling in clay, and 
this attracted the friendly notice of Sir John Johnstone, who at 
his own cost, sent him to London, where he received tuition in 
the Sculptor’s art, which became his life’s profession. He became 
eminent, and many of his works survive. He was many times 
employed by the Royal Family, and among his many works are 
the effigy of Archbishop Harcourt in York Minster ; the Bust of 
Barrow, in the Chapel of Trinity College, Cambridge; Statues 
of the late Lord Derby and other prominent statesmen ; and the 
Monument to the memory of Dame Margaret, the Mother of Sir 
John Johnstone, in Hackness Church, is the only local product 
of his chisel. 


He died 23rd June, 1876, in London, having shortly before 
his death suffered the shock of a son’s death in a railway accident. 
A surviving son lives at Brighton, and near relatives of his still 
reside at Ayton, near Scarborough, where they continue the 
business of stone masons. In life, he was of a very modest and 
endearing character, and was much beloved by his many friends, 
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Copy of Bust of W. Smith in St. Peter’s Church, Northampton ; 
now at Scarborough. 


Proc. Yorks. Geol, Soc., Vol. XIX. Plate XXII. 
Between 208-9. 


Photo by) (J. Irving. 


Bust of W. Smith, taken from life by J. B. Baker, Scarborough ; 
now in the Scarborough Museum. 


Proc. Yorks. Geol. Soc., Vol. XIX. Plate XXIII. 


WILLIAM SMITH: HIS MAPS AND MEMOIRS 209 


some of whom survive in Scarborough and its neighbourhood to 

the present day. 

The bust at Northampton is evidently a replica. The Rev. R. M. 
Sergeantson informs me that it is not signed, but “is undoubtedly 
rough white unpolished marble.” 

In addition to this, | find there is a somewhat crude, but probably 
much more life-like bust, in the Scarborough Museum. It is of plaster, 
and on the back is incised the following : 


J B Baker 
fecit 
Scarbro’ 1873. 


In Baker’s “ History of Scarborough” (Longmans 1882) the 
Author gives copious notes on Smith, and adds 

** There is a bust of him in the Museum, at Hackness Hall, and 
in the York Philosophical Society, taken from life by his personal 
friend, the author of this volume.” 

The bust in the Scarborough Museum was given by Baker to the 
Institution, and in the Society’s Report for 1873, the following 
sentence occurs :— 

“The Committee take this opportunity of expressing their 
thanks to various members and friends for donations to the 
Museum during the past year. Amongst these may be mentioned 
a bust of William Smith, the Father of Geology, presented by Mr. 
J. B. Baker, by whom it was executed.”’* 


* Dr. J. Irving has kindly sent me a photograph of Mr. Baker’s 
original letter in reference to the matter. It reads :— 


“4 Belle Vue Square, 
Scarborough, _ 
October 28th, 1873. 
To the CHAIRMAN AND COUNCIL OF THE 
SCARBOROUGH PHILOSOPHICAL SOCIETY, 


GENTLEMEN, 

Allow me to present you with the bust of my old and valued friend 
the late Dr. W. Smith, the father of English Geology. It was taken 
years ago by myself from the living subject and I believe the only bust 
extant of the Doctor. The original mould is destroyed. 

I am, Genl 
Yrs & etc. [sic], 
JosePH B. BAKER.” 
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Joseph Brogden Baker was originally a chemist on the Cliff at 
Scarborough, and then resided in a house in Bar Street, which had a 
garden extending to the Cliff. His wife was a member of the well known 
Rowntree family, and living members of that family well remember 
both Baker and his wife, whom they frequently visited at Throxenby, 
where he lived later in life, and there carried on the business of a 
Farmer. He was a big, burly man, well known in Scarborough, and 
was in the habit of giving gratuitous lectures on various subjects 
at the Mechanics’ Institution and other places. He was regarded 
as an eccentric man. 


Probably the G. Baker,* the “‘ Historian of Northamptonshire,” 
at whose house Smith died, was a relative of the J. B. Baker, the author 
of the “‘ History of Scarborough.” 


In the Geological Magazine for February, 1892, we learn that “a 
monument has just been erected by the Earl of Ducie, F. R.S., F. G.S., 
to the memory of William Smith, at Churchill, Oxfordshire, where he 
was born; a village already famous as the birthplace of Warren Hastings. 
The monument is formed of huge Oolitic ragstones of the district, 
similar to the Rollright stones. The name ‘ Oolite’ was given by 
William Smith to the rocks of the formation of which the higher grounds 
in the locality are a part. It is a monolith standing on a double base. 
The lower base is 104 feet square, and 3} feet high, the upper one is 64 
feet square, and 23 feet high. The monolith stands 9 feet high above 
the upper base, and is about 3 feet square. A marble slab is inserted in 
the side facing the road from Chipping Norton, and bears this in- 
scription :— In Memory of William Smith, “ The Father of British 
Geology ” ; born at Churchill, March 23rd., 1769 ; Died at Northamp- 
ton, August 28, 1839. Erected by the Earl of Ducie, 1891.” ’ 


A reproduction of a photograph of the monument is given in the 
Geological Magazine, 1892, p. 96. Through the kindness of Dr. Henry 
Woodward, the block is reproduced herewith (pl. XXIV.): 


During the meeting of the British Association at Bath in 1888, a 
committee of the Bath Natural History and Antiquarian Field Club was 
appointed, with the Rev. H. H. Winwood as Secretary. for the purpose 
of tableting the house where William Smith resided longest. “ After 
every possible enquiry was made, the uncertainty as regards any house 


* He died a bachelor. 
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Monument to W. Smith, erected at Churchill, Oxfordshire, by 
the Earl of Ducie. 


From a pholograph by Lord Moreton. 


Proc. Yorks. Geol. Soc., Vol. XIX. Plate XXIV. 
Between 210-11. 


Photo by) (Dr. Norman. 
The Mill at Midford near Bath, showing Memorial to Smith 
in the wall to the right of the Porch. 


HERE LIVED 
- WILLIAM SMITH, 


"FATHER OF ENGLISH GEOLOGY” 
BORN 23°29MARCH 1769, 
DIED 28™ AUGUST 1839. 


Photo by) (Dr. Norman. 
Memorial to Smith at Midford near Bath. 


Proc. Yorks. Geol. Soc. Vol. XIX. Plate XXYV. 
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in Bath was so great that the committee decided to recommend that the 
memorial should be placed on the house adjoining the Tucking mill at 
Midford, where there was no doubt he had lived for several years. 
Accordingly, in the following year, 1889, the committee, having 
obtained the sanction of the proprietor, had the memorial of this 
distinguished geologist inserted in the wall, where it may be seen on the 
bank of a portion of his own canal.’’* 


The tablet reads :— 
“ Here lived 
William Smith, 
‘ Father of English Geology.” 
Born 23rd. March, 1769. 
Died 28th. August, 1839.” 


An illustration of the slab, and of the mill in which it is placed, from 
photographs by Mr. G. J. Grey, are given with the Rev. H. H. Win- 
wood’s paper. 

This is doubtless the memorial which, judging from a notice in the 
press, it was originally proposed to place in the Royal Institution, Bath. 
I understand, however, that no such memorial is in that Institution. 


According to his own statement (Memoirs, p. 125), three portraits 
of Smith were painted ; the best, completed at a single sitting by M. 
Fourau, was presented by his grand nephew, W. Smith of Cheltenham, 
to the Geological Society, which also possesses a cast of the bust in St. 
Peter’s Church, Northampton.t Other portraits are by Solomon 
Williams and John Jackson (1778—1831) t¢ 


The portrait in the London Geological Society’s rooms is the same 
as that reproduced in Phillips’s “ Memoirs”’ and elsewhere. A small 
reproduction of it is given on p. 212, with the permission of the Editors 
of The Naturalist. It appeared in that journal for November, 1907, 
p. 378. 


* Rev. H. H. Winwood. Proceedings of the Bath and District 
Branch: Somersetshire Archeological and Natural History Society 
for 1908, p. 197. 

7 This is the one reproduced in Phillip’s ‘‘ Memoirs of William 
Smith”: by H. Woodward in the Proc. Bath. Nat. Hist. and Antigq. 
Field Club (1902) in “* The History of the Geological Society,” ete. 

{ Dictionary of National Biography ; Vol. LIII., p. 151. I have 
not seen these two portraits. 
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Through the kindness of the Misses Turnbull of Scarborough, we are 
able to reproduce a photograph of an oil-painting of Hackness Vicarage, 
which is the house in which Smith lived while he was in the employ of 
the Johnstone family. The photograph (pl. XXVI.) shows the house 
as it was when Smith resided there ; the wing on the left of the picture 
was used as his office. The corresponding wing on the right of the 
building was added at a later date when the house was used as a vicarage. 
It was here that Mr. Turnbull! worked while he was apprenticed to Wm. 


Smith. The picture shows the characteristic scenery of the Hackness 
district, well explained on Smith’s map of Hackness. The house was 
so damaged by the floods of 1857 that it had to be taken down, and 
a new building now occupies the site. 


My best thanks are due to the Geological Society of London, and 
their official Mr. C. P. Chatwin, for the facilities they have given in 
allowing me to examine and describe their maps, etc. ; to the Rev. R. 
M. Serjeantson, the author of the ‘‘ History of St. Peter’s Church, 
Northampton,” for the loan of the block, Plate XX.; to Dr. Henry 
Woodward for the loan of blocks on Plates XXI. and XXIV. ; to the 
Editors of The Naturalist for the loan of the blocks on pp. 154 and 
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212 ; to Mr. C. D. Sherborn of the Natural History Museum, London, 
for help with regard to the photographs reproduced on Plates X., XI. 
and XII.; to Dr. J. Irving, Mr. R. H. Barker and other Scarborough 
friends for the valuable help they have given in searching for infor- 
mation in the Scarborough district ; to the Misses Turnbull of Scar- 
borough for the photograph reproduced on Plate XXVI, and maps ; 
to the Scarborough Philosophical Society for allowing me to copy the 
manuscripts now in their possession, reproduced in the appendices A, 
B, C, D and HE, as well as for permitting me to retain for the Hull 
Museum one of the maps of Hackness, by Smith; to the Editors of 
Nature and The Geological Magazine for enabling me to obtain in- 
formation relating to scarce maps and publications through the medium 
of their columns; to the Controller of H.M. Stationery Office for per- 
mission to reproduce the map on Plate XVIII. ; to other friends at 
Whitby, Scarborough, Hackness, Bradford, York, Cheltenham, 
Gloucester, Oxford, Bath, London and Northampton, who have taken 
so much trouble to answer my numerous enquiries ; and to the Editor 
of The Publishers’ Circular, through whose columns I have been able 
to trace many maps and memoirs prepared by Wm. Smith. 
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APPENDIX A.* 
On the title-page is: 
GEOLOGY OF ENGLAND: MR. WM. SMITH’S CLAIMS 


Page 2 reads :— 


GHOLOGY OF ENGLAND. 
JUST PUBLISHED. 
| Information acquired in 30 years Practice in directing the works 
of Draining, Canals, Colleries, &c., by 
William Smith Engineer. 
5 a. 2 
A Map & Delineation of the Strata in 15 Sheets, with 
the Memoir—(Cary, 181. Strand)... mC | eee 
Geological Table of Organized Fossils (at Do.) én 
A picturesque Elevation and Section of the Hills, 
Mountains and Strata (at Do.) ... can ee | ee. 
Three Numbers of “ Strata Identified,” 5 coloured : 
Plates in each, No. 4 in the press, each No. ois) ae 
Published for Mr. Smith by Sowerby, 2 Mead PI., 
Lambeth. 
“Stratigraphical System of Organized Fossils,” 
Part 1. Part 2 will be speedily published 
(E. Williams, 11 Strand), each Part... Jae Ae 


Mr. Smith’s other Publications are in Progress. 


* In these pages the original spelling, etc., is adhered to. 

+ This will refer to the large ‘‘ Geological Section from London to 
Snowdon,” which Smith published in 1817; all his other sections 
were issued in 1819, the year after this ‘‘ Claim.”—T-S. 
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Mr. Smith’s Map and other Works before the Public being well 
received, and very favourably noticed in the Edinburgh Review, and 
a “Statement of His Claims” being published by his Friends, he may 
now with propriety explain the subject himself. 


Mr. William Smith’s Claims to the Discovery and Establishment 
of Principles which have perfected the System of English Geology. 


My Claim to the Original Discovery of “ constancy in the Order 
of superposition,” and “ continuity in the courses of British Strata,” 
with the peculiar mode of identifying them by organized Fossils im- 
bedded, can be supported by many to whom these early observations 
were communicated : particularly by the Rev’. Benjamin Richardson, 
who in the presence of the late Rev‘. Joseph Townsend, drew up my 
first “Tabular Account of British Strata,” printed in my Geological 
“Memoir,” Table 1, p. 8. Copies of this Paper were taken by the — 
two Gentlemen present, and another was given to Mr. James, Land 
Agent. 


Reference may also be made to Sir Joseph Banks, The Duke of 
Bedford, and Mr. Coke, at whose Sheepshearings, and Agricultural 
and Philosophical Meetings, my original Maps of the Strata were 
exhibited and explained, from 1799 to 1804; and many original 
Letters and Papers can be produced. 


The Rev*. Benjamin Richardson, Rev‘. Joseph Townsend, Chas. 
Joseph Harford, Esq"., of Bristol, and The Rev‘. Richd. Warner, were 
the first of the Scientific Gentlemen in the West who became acquainted 
with the subject, and immediately adapted my new arrangement of 
Organized Fossils, in the Order of the Strata which contain them. 


In 1799, the information began to spread in Wiltshire, through 
Mr. Wm. Cunnington, and others, to whom I had explained it, and in 
the latter part of this year and the beginning of 1800, through Dr. 
James Anderson, who proposed to insert Papers on the subject in his 
work called “‘ Recreations on Agriculture.” 


In 1801, Proposals were issued for publishing a Quarto Vol. on 
the subject, and a small Map was lodged with Mr. Debret. 


In 1802, the late Duke of Bedford had so far satisfied himself 
of the general accuracy and usefulness of my Discoveries, as to request 
me, but a few weeks before his Death, to send him specimens of all the 


216 APPENDIX A: W. SMITH’S CLAIMS 


Strata and their contents, to be fitted up in their natural Order in a 
Room at Woburn. 


In 1802, The Discovery, and the confirmation thereof by numerous 
Organized Fossils, and other Specimens, was fully explained at Bath, 
to the late Mr. Wm. Reynolds, of Coalbrook Dale who showed a Copy 
of my original account drawn up in 1799, which, he said “ was not 
secret, but to his knowledge had been widely circulated.” Dr. Beddoes, 
and several other Scientific Gentlemen were of the Party. 


In the latter part of the same year the subject was explained by 
Maps & Sections to Mr. Crawshay, who requested me to wait on the 
Marquis of Bute, to whom the Maps and Papers were fully explained ; 
and again in July 1804, to a large party of Mr. Crawshay’s Friends in 
London. 

In May, 1804, this subject was 1ecommended to the attention of 
the Board of Agiiculture by a Letter from His Grace the Duke of 
Bedford, very fully explained at the Woburn and Holkham Sheep- 
shearings; and in July following, His Grace the Duke of Bedford - 
came from Longleat to Bath, to see my Geological Collection, then 
arranged in the Order of Strata, in small Boxes on the Floor. Dr. 
Randolph was present at this explanation. 


In the autumn of 1804, the Collection was removed to London, 
and fitted up in the Order of Strata. All this was previous to the 
establishment of the Geological Society in 1807. Early in 1808, Mr. 
Greenough and Sir James Hall called in Buckingham Street, and saw 
the Collection, and on the 8th of March, repeated their visit. 


While I was thus spreading the information, and in all parts of 
the country which I travelled over, practically exhibiting its utility 
in the various works which I executed, my Brother was spreading it 
by his works in the West, Mr. Farey in the North, and in all parts by 
his vatious Publications, and the Rev‘. J. Townsend by his works, and, 
personally, to most of the learned & distinguished visitors of Bath. 


Dr. Kidd and others who have since distinguished themselves by 
Pulications on the subject, saw the Original Collection in my house ; 
and by repeated reference to other Collections, similarly arranged 
ever since my first public disclosure in 1799, any Gentleman, Foreigners 
or Natives, had unlimited opportunities of acquiring the most particular 
knowledge of the subject: and, thus through the great exertions of 
my truly good friend the Rev*. Benjamin Richardson, and the inde- 
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fatigable Zeal and industry of the Rev®. Mr. Buckland, the Science, and 
probably some of the newly arranged Collection, was transferred from 
Farley to Oxford. 


By this industrious diffusion of the Science, my highly esteemed 
Friend & others thought they were greatly serving me, and the 
Country, “ which expects every man to do his Duty,” and that a 
suitable reward for the Discovery and establishment of English Geology, 
would not be long withheld. 


So rapidly and extensively has the Science spread in the West 
that Ladies in Wiltshire, and parts adjacent, where specimens of 
identification are numerous and obtained with facility, have dis- 
tinguished themselves by these acquirements. 


The Geological Society, formed in 1807 of Members whose minds 
had been purposely, or imperceptibly, stored with this knowledge, 
could not fail to make the rapid progress for which they are distin- 
guished. And in the first Vol. of their Transactions, Mr. Parkinson, 
in his Paper on Fossil Remains contained in the Strata near London, 
observes, that “this mode of conducting our enquiries was long since 
recommended by Mr. Wm. Smith, who first noticed that ‘certain 
Fossils are peculiar to and are only found lodged in particular Strata, 
and who first ascertained the constancy in the order of superposition, 
and the continuity of the Strata of this Island.’ ” 


These numerous Public Exhibitions and Explanations of Maps, 
Sections, and Specimens of all the Organized Fossils which identify 
the Strata ; and Presents thereof with their Localities written on them, 
could not fail to increase and extend the most useful knowledge on 
the subject ; so that Boys of 14 have acquired the Rudiments of the 
Science, without a word of instruction from me. So industriously and 
successfully has the Science of British Geology been taught that 
Hundreds have become practically acquainted with it, without even 
Books or “ Hard Names.” These are proofs of the simplicity and 


usefulness of the Science of Geology over any other Science yet es- 
tablished. 


The gratification of curiosity, and the satisfactory results of 
investigation, have alike engaged the young and the old in these 
pursuits. The acquirement of this useful knowledge in the country is 
thus rendered very familiar, and every Cabinet of Curiosities becomes 
tributary to the general stock of knowledge. 
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This information was, immediately on its development, converted 
to use by 


Mr. Davis in his Valuation ; 

Mr. Farey in the numerous investigations which his avoca- 
tions require ; 

Mr. B. Bevan, in his situation of Engineer ; 

Mr. Townsend in the compilation of his Book ; 


Mr. Parkinson, made it an important Article in his 2nd and 
3rd vol., 


Mr. Phillips also ; 


The Encyclopedia Brittanica (through Mr. Farey) has 
numerous articles derived from the same source ; 


The Philosophical and other Magazines ; 
Philosophical Transactions ; 


Sowerby’s Mineral Conchology, might not otherwise have been 
published or with much less interest than it now has, 
and it may be questioned whether 


The Geological Society would have been so early established 
without the above-named general diffusion of knowledge 
on the subject. 


The Art of Mapmaking is improved by it; Mr. Cary and Mr. 
Arrowsmith, in their new Maps having evidently attended to the courses 
of the Strata in their shading of the Hills. 


Thus, while all who could pick up the information thus profusely 
scattered thought themselves at liberty to publish it, I have been 
left to pursue, unrewarded and alone, the drudgery of more sub- 
stantial utility, and my numerous Papers, from, want of means, are 
suffered to remain, from year to year unpublished. 


My Claims derived from established Discoveries, which result 
from 30 years of observation on British Geology, consist : 


In having so long back “ developed the structure of the Earth, 
in the neighbourhood of Bath, and unravelled the perplexity which 
the Beds in that neighbourhood exhrbit, and made known the Facts 
& Inferences which they suggested.” ‘“‘ This enumeration of the 
West of England Strata was circulated very extensively in MS; and 


APPENDIX A: W, SMITH’S CLAIMS 219 


by the exhibitions of Maps also, and Sections of the Stratification in 


other parts it became a Key to the structure of the remaining part of 
the Island.” 


The Elements of the Discoveries thus made public “ have had a 
‘very important though unobserved effect upon the labours of all 
succeeding enquirers, who have been, perhaps unconsciously, but not 
the less really, indebted to the Author, for very essential assistance 
in their progress.” Their rapid diffusion of this System amongst the 
individuals who make up the Nation, and profit by the development of 
Principles which extend and improve the “ principal sources of wealth, 
& greatness in England,” does sufficiently establish my Claim to 
national remuneration. 


In thence deducing a particular distinction between the Alluvial 
and Stratified parts of the Earth’s Surface. 


In establishing the order of supposition of the principal Strata 
of England & Wales. 


In proving their common declination. 


In identifying the respective Strata by Specimens of Organized 
Fossils collected from remote parts of each, and depositing them with 
their Localities in the British Museum as Vouchers thereof. 


In drawing Vertical Sections of the Strata, showing how the 
respective Masses form separate ranges of Hills, and how the great 
Features of the Island may be thus readily distinguished, by the con- 
tours of the Strata and other superficial indications of their courses. 


In proving the continuity of these courses of Strata, by accurate 
delineations of their surfaces and Lines of Escarpment, on Maps of 
the largest Scale, and publishing the same on a large Map of England 
& Wales, with other illustrative works. 


In having introduced the New Art of Mineral Surveying. 


In having discovered and put in practice very extensively a New 
Art of Draining and improving Land founded on a knowledge of the 
Strata and of the Springs they produce and also a new mode of 
supplying Canals with Water, derived from the same Principle; and, 


In thence deducing a correct Theory of Springs or an accurate 
knowledge of the receptacles and Currents of Water in the Earth; 
which accords with the practice of Mining and Draining, and is thus 


P 
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rendered extremely useful in obtaining water for Canals Brew-houses 
&c., requiring a large supply; which in some cases may be obtained 
without Machinery. 


As the Public can only judge partially of these labours: by the 
small proportion of my Documents yet before them others who may 
be engaged in “following out & correcting” what they suppose 
to be imperfect, might spare much of that trouble if they knew the 
extent and accuracy of my yet unpublished Papers. : 
Wm. SMITH | 
Civil Engineer | 
15 Buckingham Street | | 
York Buildings 


London 


June 1818 
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APPENDIX B. 
[By Wm. Smith.]} 


FREESTONE. 
The Hackness Stone is a fine-grained silicious Freestone chiefly 
of a mellow brownish yellow cclour, or what is commonly eailed a 
good stone colour. Rubbed and finely jointed this stone presents a 
smooth surface and a most agreeable appearance in passages, halls, 
ete., and externally in fronts of Houses Churches and other public 
buildings is unequalled in colour and beauty of ornamental work. 


Hackness Hall built of this stone thirty years since * is a proof of 
its good qualities. The stone being naturally dry and unabsorbent of 
moisture neither suffers by damp from the earth or by exposure to 
sun rain or frost nor does it moulder in sheltered places under 
cornices, like many other of the soft freestones. 


It is not essentially necessary that this stone should be placed in 
its bed—stones for columns 12 or 15 feet or more in length may be 
raised from beds 2 to 5 feet in thickness. 


When raised from the quarry this stone is soft but hardens by 
exposure, works free and tough with any kind of tools receives and 
preserves the finest arriss of any stone in use may be turned and carved 
into the finest kind of ornamental work required, which by specimens 
thereof in Hackness Hall appear likely ever to retain their form and 
sharpness. 


BUILDING STONE. 


A hard compact silicious stone even in texture and free from 
extraneous matter, of little but uniform colour, brownish white—neither 
splits scales or moulders by the longest exposure—capable of being 
wrought with a pick, point, or chisel, rubs down to a good surface 
for steps and other purposes; and though hard this stone requires 
but little working from the great facility of cleaving it either in or 
across the bed. 


Four or five feet of the upper part of the rock is sufficiently 


* Hackness Hall was built in 1805, so that the date of this note 
would be 1835 or so, a little before Smith died. His last work was in 
connection with the Commission re Building Stone for the new Houses 
of Parliament.—T.S. 
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lameller to cleave for Flags which require but little dressing—may be 
firmly jointed and are very strong and durable, and placed edgewise 
for Curbstones are not liable to split. The blocks may be easily cleft 
for area or cellar steps sills or Linterns and may be placed endways 
for pillars or large Columns. The Stone may be raised from the quarry, 
from beds 2 feet and upwards in thickness or any portable length 
and width and from its firmness this stone will suffer less damage 
from carriage than any in the London market. For Bridges Docks 
Wharf Walls and all kind of heavy works on the Thames, & for Piers 
and Harbours this stone is particularly well calculated as by the longest 
exposure to air and salt water it suffers no change. 


This stone is excellent for sound and strong Troughs or Cisterns. 
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APPENDIX C. | 
“*Memoir of the Stratification of the Hackness Hills, 1829.” 
[By Wm. Smith.] 


The principal object of the annexed map is a delineation of the 
GEOLOGICAL structure of some of the most irregular ground in England, 
namely, that around Hackness Hall. The valleys of this District, 
with their intermediate ridges of hills, both in form and Geological con- 
struction, may be considered unique. The valleys which unite about 
Rivaulx Abbey have the nearest resemblance, and the various branch- 
ing valleys north of Lockton, which comprise the hole of Hurcomb, are 
also singularly formed ; but the intermediate hills are not composed of 
the same number of strata. Numerous other valleys in the long range 
of the Tasputar Hits from Scarborough to Hambelton have no 
resemblance in form, although their Geological construction, generally 
speaking, is the same. Troutdale and Deepdale branch up into the 
moors in singular form, and Dalby Dale above Thornton, extends its 
ramifications by Stones-dale almost to the edge of Cross-cliff, so that the 
district between Newton-dale and Harwood-dale, which is part of the 
Tabular hills, and bounded by the same kind of high contour, has the 
most singular valleys deeply curved into the planes of the Stratification. 
On Knox’s excellent map of the vicinity of Scarborough those forms are 
well depicted and may be readily compared. The form of Hackness 
valleys comprised within the high land of Suffield, Silpho, and Broxa, 
which is Geologically insular, may be compared to the branchings of 
a stag’s horn. And no one can understand the intricate forms in the 
surface of this ground without traversing the hills as well as the valleys ; 
for on riding along the high side of the elevated plane of Silpho and 
Broxa moors, even the ends of the valleys are not discernible. Such 
is the ground of which we have to show the Geological construction 
composed of insulated parts of some of the most regular strata in the 
British Series. 


The highest edge of Silpho and Broxa moors like that of all the rest 
of the Tabular hills from thence to Hambleton, is composed of Calear- 
eous Grit, but this is not the highest stratum in the series, as the 
Coralline limestone reposing thereon forms the points of most of the 
hills around Hackness Hall and at Silpho the lower beds of that stratum 
which Mr. Phillips calls the Upper Caleareous Grit, reposes on the 


22.4 APPENDIX C: STRATIFICATION OF HACKNESS HILLS 


Limestone. The lowest stratum in this insular part of the stratification 
(wh. might be called “‘ Hackness Island”) is the Cornbrash, and 
below this the alternations of sandstone & shale called the Coaly 
Grit may be traced around the Island between Silpho brow and 
Harwood-dale, and down the Derwent, and in the line of Sealby drain 
to the cliffs at Scarborough, & is thus shown to be the base of the 
Island, and in connection with the high cliffs North of Scarborough 
& the strata which form the surface of the Moorland district. 

The series of beds in the stratification traceable by their edges 

around or in the Island therefore consist 
1. UppER CALCAREOUS GRIT. 
2. CORALLINE OOLITE. 
. CALCAREOUS GRIT. 
. OxrorD CLay. 
. KeLutoways or Hacxness Rocks. 
. Cuay BENEATH. 
. CORNBRASH Rock. 

GroLocy.—Fine natural sections of all these strata in their corres- 
ponding order of superposition may be seen in the Scarborough Castle 
hill and the cliffs between Filey and the latter place. 

That Geology is a science of unlimited extent and utility cannot be 
doubted, but while Geologists choose to be mannerists rather than 
correct immitators of nature, some of its purposes remain unanswered. 
The application of this science to its most practical uses is nearly as 
herculean as its establishment. 

Its uses in Agriculture are of the utmost importance to the country 
and therefore cannot be brought forward at a more convenient time 
than the present which calls for every stimulus to the skill and industry 
of the owners and occupiers of the soil. That a knowledge of Geology 
is the only infallible guide to determine correctly the value of land was 
said thirty years since by that eminent land valuer, Davies of Wiltshire, 
when the principles of the science were explained to him. To know 
what plants are best suited to the soil a knowledge of the varieties of 
soil is necessary, which can only be obtained by an acquain‘ance with 
their subsoils and the beds of strata upon which they rest, and from 
which they are respectively formed. 

Local circumstances and casual coverings of diluvial matter may 
make many shades of difference in the colour of a scil, but with these 
allowances there certainly is no other method of obtaining such a 
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general and practical knowledge of soils as by an acquaintance with 
the strata which form them, and upon which they rest. There may be 
considerable variety and great difference in the nature of a soil where no 
adventitous mixture occurs, and this arises solely from a difference 
in the nature of the beds composing the thick stratum from which the 
soil is formed. These great varieties of soil varying according to the 
kind of stone upon which it reposes is well-known to practical farmers 
on the Hackness hills, and to most other occupiers of the same kind of 
land thence to Hambleton. They all know there is a thin, dry, stony 
soil over the limestone, a deeper and more tenacious soil over the 
wallstone nearer the moors, a range of free working yellowish sand land 
and poor, blackish, or grey sand upon the Moors. 

The two last kinds are both of them upon the plane of the Calcareous 
Gritrock. The two other kinds, which commonly enclose a much better 
soil between them, are upon the stratum of Coralline Oolite so that we 
have five very different kinds of land upon two strata which shows the 
necessity of examining the rocks in detail instead of grouping them 
into formations, at least it is absolutely necessary to do so in Agricultural 
Geology—and especially where it is to be, as in this case, locally applied 
to the distinctions in the rocks and soils of an estate or farm. The 
following is detailed view of the strata very distingu:shable in the 
Hackness Hills. 


Upper CALCAREOUS GRIT 

Limestone. 
| Spongite Coral Bed. 
| Grey or Wallstone. 

Reddish Yellow Sand, corresponding 
with the indurated sand exposed 
north side of Scarboro’ Castle hill. 

Cherty bed of Stone which forms the 

CaLcarEous Grit | planes of the moors and the high 
| and well-defined edge of the Tabu- 
lar hills. 
| Freestone beds below this. 


CoRALLINE 
OoLITE 


OnE FORMATION ACCORDING 
To PHILLIPS 


Oxrorp Cuay. 
Hacxness Rock. 
Ciay BENEATH. 
CORNBRASH. 


226 APPENDIX C: STRATIFICATION OF HACKNESS HILLS 


By laws established in Geology and the help of organised fossils, 
the rocks in these hills are identified with the contemporaneous portions 
of their ranges through this Island to the extent of several hundreds of 
miles, and as well on the Continent. They are verified by the localities 
thereof enumerated in Phillips’s Geology of Yorkshire, and further by 
the specimens exhibited in the Scarborough, Yorkshire, and numerous 
other museums, and by these means Philosophers are satisfied with the 
extent and accuracy of the Science, and Naturalists thus know where to 
collect specimens of each rock, from cliffs, quarries, and other broken 
ground, but those comprehensive views of the subject which enable us 
to trace ranges of the respective strata from field to field and from hill 
to hill and assign to each their proper limits and so to construct 
Geological Maps on a large scale, must be sought in the visible changes 
which the different kinds of strata make on the earth’s surface. Such 
for instance, as the principal ranges of hills and valleys, the contours of 
hills, swells or knolls on the sides of hills, the flatness or steepness of 
roads, the ranges of springs which some of the strata produce, the 
springs and streams, the wetness or dryness of land, and the different 
kinds of soil turned up by the plough, &c. 


In generallising these and numerous other circumstances essential 
to the science, we are assisted by the works of art, both ancient and 
modern. In the earliest stages of population the dryest range of sail 
became a way-worn track, the shoal caused by a rock in the river a 
ford, and the best spring an abode. By the old method of trial and 
error, men found out the richest land, and by numbers assembling for 
a share thereof those parts became the most populous. In modern 
times the same original dry track became a road, the rocky ford the 
best place for a bridge, or a mill, and the finest spring near to dry and 
good land the best place for a town or village. 


Thus before trade and commerce had much interfered with man’s 
original Agricultural employment, the greatest breadth of dry, good, 
land supported a city, and the next in degree a market town, and so 
on in gradation to the cottage. The best piece of good land in a village 
is commonly near the church, and that of a farm, near the house. 
Supply and demand afford and water made the union of water with dry 
good land everywhere essential to the site of population, and although 
this as at Stow-on-the-Wold and some other places seems to have been 
disregarded, yet a fine spring is at no great distance below and we find 
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it the came at Suffield, Silpho and Broxa situated on the Hackness 
hills, but Suffield, originally the largest place of the three, had a supply 
for most of the year from a pond and shallow springs from the diluvium 
which also increased the depth of the soil on these rocky hills. 


The fine trees and hedges here and at Silpho so much higher than 
the naked but less exposed hills over the Derwent seem unaccountable 
until Geology unravels the mystery by finding that the better soil of 
these heights is derived from limestone. On principles common to the 
sites of population it appears that the three villages are each of them 
situated on the best soil of all the high land. The two farm houses on 
Suffield heights, and Tholso farm house also stand in the range of this 
best land which by investigation appears to be derived from an earthy 
parting in the limestone rock running tbrough these places which though 
but thin fortunately occupies a good breadth of surface. 


Next to these superficial distinctions which render this greatly 
elevated plain strikingly different from any other portion of the Tabular 
hills, we may notice a character which it has in common with the whole 
range, viz., its well edged elevated contour, and the occurrence of Nab 
ends therein which also are common to the outline of all the singular 
District, before noticed, between Harwood Dale and Newton Dale. 
They are well defined in Troutsdale, at Saltergate conspicuous at a 
great distance. Some may be seen in crossing the Vale of Pickering 
to Malton, and the singular features of more westerly points of these 
hills may be reccgnised from the walls of York. 


So extensively useful in Geology is the knowledge of contours 
that the great book of Nature 1s thereby laid open to us plain enough to 
read as we run. 


The detailed particulars of each stratum in Hackness hills as they 
range through the fields can only be interesting to the owner and 
occupiers of the land. Suffice it therefore to say that the stratum 
composed of whitish light blue and blackish beds of clay above the coaly 
Grit rock, which forms the sliding cliffs of White Nab, South of Scar- 
borough ; is in Barnscliff and other places around Hackness Island 
similarly characterised by slips, and wet strong land, everywhere grows 
oaks of the best quality but is commonly over saturated with water 
issuing from the rocks above. ‘There are no sites of population on this 
stratum nor scarcely a building unless it fortunately happens to be 
covered with gravel. 
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The Cornprasu is a thin hard limestone rock recognised only in 
four places around Hackness Island, at one of which in the bed of the 
Derwent at Langdale bridge it became a ford. It lies nea the bettom 
of the Hackness rock and nowhere appears to diverge from it. It also 
forms a ford in a moorland beck about a mile and a half west of Lasting- 
ham which village like most other sites of habitation at the foot of the 
Tabular Hills is upon top of the Hackness rock. 

- Hackness Hall and the village of Everley are upon that stratum 
called the Kelloways or Hacxness Rock, but the modern cottages at 
Hackness and Mowthorpe Farm are injudiciously placed below it. 
The bye road from Everley to Scalby Nabs follows its track to those 
farm houses which stand upon it. 

It crosses the new road up Hey hill at the first steep place, ranges 
the hill sides to Mr. Wilhams’s house and below Comboats diverges 
from the higher ranges of rocks southward round a secondary promi- 
nence and returns to and follows the road by the three Underbrow farms, 
and follows that bye road to William Pashby’s house, which stands 
upon it. At this place a well 30 feet deep is sunk through the rock. 
Two other little farm houses on the north side of the Tabular hills stand 
on Nabs or projections of this rock some of which more remarkable 
points are the site of Barnscliff Cottage. This seems to be the greatest 
elevation of the rock from whence we look down on that great wood 
and the Derwent rolling below at the foot of Langdale rig which js 
formed of ectresponding rocks terminated by the singularly conical 
hill ot Oxford clay called the “Sugar Loaf.” Through Barnscliff the 
Hackness rock, traceable by its dry soil and casual protuberancy comes 
to the junction of roads from Broxa and Langdale End where it slopes 
down with the lane to the verge of the river which in ancient times was 
a further inducement to ford the river upon the solid floor of the Corn- 
brash rock. From hence the dry soil over the Hackness rock becomes 
the road to Hackness. This reck skirts the cow pasture in the bank 
at the back of the cottages and the Inn to the rise in the road which 
from the redness thereof has been called ‘‘ red brow” and thence through 
the wood by the road to the great quarry. It branches up the bottom 
of the valley to the great spring at the water house and forms so much 
of the brows on each side of the road to the Hall as lies below the Springs. 
In the same manner it is traceable up Longtield valley in the beck and 
under the dry soil and steep banks on each side thereof to Low-dale, 
High -dale and Whisperdale farmhouses. The dry soil over this rock on 
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many accounts afforded the earliest inhabitants the most desirable 
sites of habitation but most so about the church where it is deeply 
covered with gravel. It is everywhere near to water issuing from 
Springs above or below the rock. Up the interior valleys the Springs 
which are numerous flow only from the top of the rock, but about the 
village numerous springs issue from the bottom of the rock and some 
from the top of it and in the same manner by the iss:ing of springs 
more or less copiously may the bottom and top of this stratum be 
traced in and around the Island. Sites on this rock were also desirable 
tor being above the floods, and alluvial soil between it and the river and 
from their contiguity to the better land of the stratum of Oxford clay 
lying in the slope above while the steeper parts of the hill sides covered 
with wood, afforded fuel, and shelter and timber for constructing their 
houses, for it appears by the oak ribs of several old buildings yet stand- 
ing that they were long so constructed. The use of the valuable stone 
of this stratum in the construction of mansions & churches and of 
Museums to shelter Philosophers and their gleanings from nature, was 
left for these enlightened times. 

The Oxrorp Cray lying over this rock has a parallel range all 
round the Island and up the sides of all the interior branching valleys 
forming good pastures, and where the ground is not too steep it forms 
some of the best wheat land. And in the low sides of the woods, where 
the debris of the rocks above is not too thick for the tap roots of oak 
to penetrate, it grows large and good timber. The upper part of this 
clay becomes harder and more sandy and finally so ‘ike the soft stone 
of the next incumbent stratum as to have no well defined boundary 
between them. 

This soft under part of the CatcaREous Grit as well as the free- 
stone over it which occurs in this rock, is always in the steep hill sides 
which are mostly covered with woods and modern plantations. <A hard 
cherty bed containing fessil shells chiefly Ammonites, Terebratulae and 
Pectens, forms the well edged contour of the hills and much of the poor 
surface of the Moors which all slope inwardly towards a central depress- 
ion, somewhere about Hackness Hall. On the poorest parts of the 
moors we discover among the short ling, weather bleached cylindrical 
stones an inch or more in diameter which may have been fragments 
of large Alcyonites. Beneath the soil lies a subsoil called “a pan” 
which by its retaining water in some parts of the moors might seem 
to contain clay hardened by the oxyde ofiron. The Rev. Wm. Vernon, 
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in a late chemical anlysis of some of these soils detected clay and de- 
composed Basalt probably diluvial as in the black sand in and about 
the plantations, pebbles of jasper, porpbory, and other hard rocks 
have been found. The black sand which only skirts the better culti- 
vated land certainly cannot be considered as the soil of any bed in the 
stratification but may have been washed off the moors, for 

The YELLow Sanp, corresponding with that exposed in the N.W. 
side of the Scarborough Castle bill and with the same kind of sand at 
Newton, the Rabit Warren at Lackton, and the potato land at Saw- 
don, completes the varieties comprised within the mass called Calear- 
eous Grit. 

It is the pile of beds already enumerated which composes the 
general range of TaBuLaRr HILLs as those superadded on the lower 
portions of the plane of Calcareous Grit Range parallel to the Vale of 
Pickering to Hambleton and are nowhere of great width except about 
Lockton. It is remarkable that all the following superadded beds 
composing the pile called CoRALLINE OOLITE seem gradually to thicken 
as they decline towards the low ground, so that their terminating edges 
are cunated or wedge-shaped, and therefore make no irregularities in 
the general slope of the hills toward the south or south-east. They 
preserve the same character in a curved line round the inner and lower 
portion of the plain of the Hackness hills, and on their dipping side 
in the many digitated ends of the elevated plane presented to the Hall 
valley they end with the abruptness common to escarpments. 

The first and lowest distinction in the beds of 10ck composing the 
thick stratum of Coralline Oolite is the WALL-STONE or Grey stone, 
which in shallow quarries commonly rises in flat thin pieces for fence 
walls. Some are good roadstone. This rock reposing on the Yellow 
Sand is covered with a deepish soil, stiff and tenacious with few stones 
in it, and those generally flat and thin. It grows good crops of oats 
and seems kindly for grass. The soil of this rock between Suffield 
and Silpho, where it is most distinguishable on the cultivated lands 
seldom occupies more than one field in breadth, it seems, however, to 
occupy a considerable portion of the cultivated ridge between Broxa 
and Hackness Head. 

The Corat BED is a more earthy bed, reposing on the Grey stone 
only about six feet thick, containing lumps of coral and small spongites, 
&c., which distinguish it from the coral over the limestone and which 
has been noticed before for forming the best land about the three villages, 
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and that on the best farms is covered with a soil so superior to the one 
preceding that a pasture south of Broxa the difference in the herbage 
over the two rocks is easily distinguished. It forms only a small 
insular portion of soil under and just around the village of Broxa. It 
occurs north and east of Silpho, mostly north and west of Tholso Farm, 
where it produces the fine piece of land called the great pasture. South- 
eastward it is narrowed between the ravines and moors but widens 
again north of Suffield. It is considerably obscured about the village 
by a diluvial covering, but in its greatest and most regular breadth 
occupying many long narrow fields it was anciently distinguished by 
the name of “ Suffield Ings” and about the northernmost of the two 
farms in Suffield heights it forms two large and good old pastures 
and the soil over this bed, which is only a parting between the wallstone 
and limestone of the stratum called coralline oolite, wherever it is in 
tillage grows the best wheat. It is remarkable that most of the pools 
on these hills for supplying stock with water are in the range of this 
stratum though we cannot suspect the makers of them of knowing any- 
thing about Geology. 

The limestone occurs in several places which we shall next 
describe it forms lower ground than the preceding stratum and is about 
twenty feet or mere in thickness but which, like the thinner divisions 
of the great rock, makes no perceptible difference in the gradually 
sloping surface of the hills except in its having a thinner soil thickly 
strewed with fragments of Limestone. The Limestone forms properly 
saintioin land, but from its contiguity to the woods and the thinness 
of the soil in some of its banks, much of it has long lain in sheep walks ; 
burnet abounds in its herbage which however, forms a great con- 
trast with that of the soil before described. The Limestone occurs in 
several places, but nowhere of the full thickness of the rock except on 
the hill south of Silpho, as on no other parts of the limestone can the 
Melanz Striatus, Heddingtonensis, and the coral on the top of the rock 
be found. 

This coral lies just beneath the soil about a quarter of a mile in 
length, but is soon covered with some of the UPPER CaLcAREOUs GRIT, 
wh. on the higher part of three or four fields producing a fine loamy 
soil, like that on the same rock on the border of the low ground in the 
Vale of Pickering, and which is there called “ Red Land” and which 
by good judges is considered to be the best arable land in the Vale. This 
is the highest stratum on Hackness hills, and from the pile of rocks 
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which support it being of their full thickness it forms the highest in- 
terior land, but which is much below the marginal contour formed by 
the Caleareous Grit beneath the Coralline Oolite. 

Thus by a superficial survey of the characteristic development of 
each stratum, I have made out the ranges and width of a considerable 
pile of strata which have also been locally and extensively identified 
by their organised fossils, to which as they are arranged in the Scar- 
borough Museum and to the account published by Phillips and others 
I must refer, and I may add that by the characteristic distinctions 
herein employed and others peculiar to the terminating edges of the 
different strata, many Geological maps of the largest scale be made 
of Districts, Parishes, Estates, or Farms, which by readily exhibiting 
the varieties of soil, and inducing a better knowledge thereof, would 
be very interesting and instructive to the owners and occupiers and 
generally beneficial to the agricultural interest. October 2nd, 1830. 
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Grass cannot be prudently stored either for Summer or Autumn 
use: for the Farmer who does not eat his grass in Summer as fast as’ 
it grows, loses much of what the land would produce; and he that 
leaves it late on the ground for Autumn use, in what is called “ fogg,”’ 
wastes much thereof, and makes his grass-land course. Therefore, he 
that would farm grass-land to the greatest advantage, must either keep 
it through the Winter, or lay in as much stock as will eat down all 
the SuMMER grass on his pastures, as fast as it grows ; and also as much 
cattle as will well eat down in the Autumn all the after-grass on the 
land that he mows. This is the only way to keep grass-land fine, and 
_in good condition, and free from moss, weeds, and bad grasses; but 
many may think this would be going too near the wind, and that their 
stock would be liable to suffer from shortness of grass in dry seasons. 
It may be so where the Farmer has none but grass-land, but this ought 
not to be the case upon any Farmer, for on no account, whatever, 
should the provision for these casualties be sought for in grass-land. 
The casualties of a dry Summer, and of occasional wants of keep, 
should be provided for in that part of the Farm which is cultivated, 
where such crops as Tares, Rye, &c., can be gotten up high enough to 
cover the ground before dry weather commences, and thus insure their 
growth. It is well known that winter Tares & Rye, sown early 
enough, can be cut and served out to Stock to the greatest advantage 
in the dryest Summer; and at all times they make the best of all 
provisions for the latter part of Spring, or the beginning of Summer, 
when Farmers are in more danger of injuring their grass-land by 
hard and too early stocking, than at any other time of the year. These 
and every other kind of early crop, which can be cut green, or in case 
of excess, for that purpose may be cut for Hay, or ripened for seed, 
should be grown in sufficient quantity upon every Farm. In this way 
the casualties of a dry Summer, & the wants of the latter part of 
Spring, may be certainly and profitably provided after Swedish Tur- 
nips, Carrots, and other roots are consumed. ‘These two. kinds of food 
for Stock, namely, the late roots, and early green crops, should ever be 
objects of the highest importance to a Farmer who endeavours to keep 
as much Stock as possible ; for Farmers in general admit that they could 


234 APPENDIX D: AGRICULTURE 


keep more in other parts of the year, than in the two months preceeding 
Old-May-Day. This period limits the quantity of Stock kept upon 
every Farm, and also the value of that Stock ; for the Farmers profits 
thereon will be more or less, according to the plentiful or scanty pro- 
vision for Stock in these two months. Therefore, it is evident that the 
overflowing food of Summer, cannot be consumed to the greatest 
advantage, without artificially making ample provision for this naturally 
the greatest ebb-tide of food in all the year. 

With regard to AurumN, many North-country Farmers may 
ask, why should we do without fogg ? I answer, for many reasons. 
First, because such grass should have been turned into milk, or fat, or 
for the support of young Stock, while it was sweet and good eatage. 
Second, by letting such long grass remain on the ground, a second bite 
of grass of better quality is lost. Thirdly, on account of the injury done 
to the Crop in the next Summer, be it either for pasture or Hay; and 
besides its being at any rate a slovenly, and wasteful practise, and an 
ill-judged method of shortening Winter. But how are they to do with- 
out it? A south country, or Norfolk Farmer, would say, “ As we 
do by taking care to have plenty of turnips for Autumn, Winter, and 
Spring.” But many will say, their land will not grow turnips ; but in 
many cases it may be questioned whether the defect be in management 
or the soil. Strong land is commonly thought to be unfit for turnips, 
yet farmers grow them on the strong land of Suffolk, and Essex, and 
in Scotland, cabbages, carrots, &c., form part of the winter stock of 
food. Atany rate fogg ought not to be resorted to upon dry and turnip 
soils ; for by beginning in time with cabbages, turnips, and other roots, 
to succeed each other according to their different kinds through Autumn, 
Winter, and Spring, this unfertile time of the year, in which while one 
farmer makes nothing, the other renders most profitable. By beginning 
soon after Michaelmas to pull the best of his turnips for Bullocks, he 
turns out a good number of them for the Butcher between Lady-Day 
and May-Day, when Beef generally fetches the best price, and by folding 
off the smaller turnips, he improves the land on which they grow, 
makes up his forward Sheep for the Butcher about Xmas, others 
later as they are wanted, Winters his store sheep well, his Ewes also 
to, and during the lambing season, and from his Bullocks, stale-fed upon 
Turnips, turns out a great quantity of the best kind of manure fox 
growing another good crop of turnips, or any kind of grain. His Cows, 
by occasionally getting turnips, &c., with their hay, are kept in good 
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condition, and longer and fuller of milk nearly to the time of Calving. 
Thus while the barely-keep-alive Farmer, who has nothing but the 
produce of his barn to depend on, and is obliged to thrash out and sell 
at any price, and also to provide straw for his starving Stock, the Winter- 
providing Farmer takes his corn to market to better advantage, and 
gets in, from fat stock sold about Xmas, or in the Spring, two of his 
principal returns toward Rent and turns out plenty of stock in a wealthy 
condition to fatten or fill the Pail, from a full bite on his pastures. 
As one evil is sure to follow another, so is one benefit linked to 
another ; for this reason, Cows and Ewes having been wintered well, 
the casualties of parturition and disease are reduced, and their progeny 
fatten and come to perfection sooner. Thus also, from his own 
increasing and improving Stock, he can retain and select as much 
as is required for the seasonably coming grass. And thus also, 
from a farm in arable and grass, or what is called a convertible 
soil, tilled for the purpose of growing crops to support the greatest 
possible quantity of Stock, he will never be in want of Manure, 
and will consequently grow good crops of corn upon what he tills, and 
from this, his Pork and Bacon, Beef, Mutton, Veal, Wool and the Dairy 
will have always something coming in to pay current expenses, and will 
never be at a loss to make up his rent. 

In this view of the routine upon a Farm, it may be seen how much 
of the Farmer’s good or ill success depends upon his good or ill provision 
for winter. That to shorten winter as much as possible, and that at 
both ends of it, should be the Farme’s first object; for if a man is 
improvident in that respect, it is evident he cannot succeed in farming. 
The long cessation of profitable growth in our pastures, must be arti- 
ficially supplied by preserving and extending the growth of our Summer 
through Autumn, Winter and Spring to the full commencement of the 
next Summer’s crop of grass. It is evident too, that this must be done 
by roots, and other succulent vegetables in a living or well preserved 
state; fcr hay and straw, or, too commonly, straw alone for stock to 
subsist upon is like dry bread alone to a labourer. How can a poor 
skin-and-bone Cow, subsisting solely upon Straw, or dry Hay and water, 
be expected to give a sufficient quantity of rich and good milk? Her 
milk must fail much sooner than that of a cow daily supplied with 
succulent plants along with her hay. She will be in bad condition 
at calving, and ill-conditioned to fatten her calf. An overgreat depend- 
ence upon Hay is also bad for the Farmer in a many other respects, 
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especially upon that grown upon poor or even middling land, as the 
grasses upon such land are bad, and the crop light and late, as well 
from late Spring feeding as from the poverty of the soil; it is often 
badly made, and in these parts rarely if ever well stacked. From the 
scanty produce per acre the Farmer is obliged to shut up too large a 
proportion of the Farm for mowing, and that of course from the best 
of his old grass-land, which is too often by the needy farmer frequently 
mowed without a due return of manure, and thus it becomes mossy, 
and further impoverished. The scythe and the rake having to go 
over many more acres for the requisite quantity, a bad crop of hay 
is always made at more expense than a good one; and from the too 
many acres shut up for Hay, the pastures are contracted, so that stock 
sufficient is not kept upon a farm, even in Summer. The necessitous 
and the nigardly Farmer, both of whom endeavour to get more from 
the land than it can produce without help deceive themselves egregiously 
in this bad management of grass-land, which is but too common in the 
northern Counties. Not only the old grass land, but the “ seeds,” as 
they are called, which alternate with their tillage, are generally ill 
managed. These lie not only two years, but pieces called “ seeds ” 
may be found upon many farms which have lain five, six, or more years 
in an unprofitable state, arising from various causes. The first is from 
an over desire to plough more land than can be properly managed by 
the strength, manure and capital onthe Farm. Secondly from a want 
of care or skill as to the kind of seeds best suited to the soil, or from 
niggardliness, both as to quantity and cost, the seed is collected from 
hay of old giass land (chiefly Holcus lanatus), and this is extensively 
propagated, the worst of all greatly called in the South by the name 
of “‘ Yorkshire White Grass,”’ the hay of which is known to be bad, 
and also the eatage. From land so laid down, or even with better seeds 
so scantily sown as to see the seed-fields whitened with Daisies, what 
profit can be expected ? It may however be expected, that some who 
have held their farms at a low or moderate rent, are disinclined to make 
their pastures look well, that they may have an excuse for breaking them 
up again, and giving them, what they call, “ another round,” that is 
another series ef improverishing crops, commencing with a crop of 
Oats on one ploughing. Where the Occupier has land enough to let 
one balf the Farm lie in an unprofitable state, while he crops the other 
half, this may do, but not long for it is evidently done with a loss to him- 
self, his landlord, and to the community. A better system of cropping 
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some of this unprofitable grass-land with Turnips, or other Roots, and 
green crops, scarcely needs any further detail of the advantages thus 
resulting, it being evident that less land would be required for Hay, 
more would be depastured, the same stock would be kept better or more 
might be kept upon the Farm; there would be more employment for 
labourers, the consumer would be better supplied and the Farmer’s 
profits would be greatly increased.* 


*In 1831 was published ‘Observations on an Improved System of 
Agriculture,’ by William Smith, London, R. Hunter, 72 St. Paul’s 
Churchyard, 8vo, 39 pp., price 2s. A perusal shows that it is not by 
Smith the geologist, however, and it is dated from The Prae, St. Albans. 
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[By Wm. Smith. ]| 


That the wealth of a nation depends upon the good employment 
of its inhabitants, cannot be doubted ; and if that wealth and employ- 
ment be equally diffused, its benefits must be general; but if, from 
any internal natural advantages of the country, wealth, and employ- 
ment becomes locally and prodigiously increased, and that at the 
expense of the most valuable article in the country, and if the persons 
so employed derive their food and the articles they are employed upon 
from a foreign soil, and if foreign ships be allowed to benefit by the 
commerce between such privileged locations of trade and the foreign 
market, then the truth of that maxim and its general benefits may be 
doubted,—And further too, if it can be shown that those acquiring 
wealth from local advantages in this country applied to a foreign trade, 
have also superseded the ancient employment of others at home, who 
have no such natural advantages. That all men have a right to 
benefit by the natural advantages they possess, must be allowed ; it 
being the principle that all men have acted upon from the earliest 
locations of population and trade. Most of our ancient cities and 
boroughs sprung up into consequence from their respective natural 
advantages in supporting a numerous population, chiefly employed 
in manufacture and trade, and many of them (whose occupation is 
gone) were incorporated and enfranchised to encourage and improve 
those manufactures. It is also well-known that many of the earliest 
improvements in arts and manufacture, were made by foreigners invited 
here and incorporated for that purpose, and in one of the Charters of 
the town of Kidwelly, it is said, that no Welchman shall be of the 
corporation. This was ever a poor place but many others, originally 
wealthy and populous, are annually becoming poor, from causes wh. 
are now powerfully operating against them. It has been said of 
Salisbury, that no new house has been built therein within a century 
but upon the site of an old one. This, as well as Exeter, Chichester, 
Colchester, Ipswich, Norwich and many others, were, in the former 
state of things, good situations for manufacture and trade, but it being 
my present object to notice only those locations of Trade wh. depend 
upon our Mrnerats, I shall merely add that Chichester was enriched 
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by the great IRon-TRADE of Sussex, about 100 years since trans- 
ferred to South Wales. This transfer of wealth, and employment, 
to the mountains of Wales, where it has been wonderfully extended 
and improved, arose out of the local advantages of coal, accompanied 
with iron-stone, in the greatest abundance. From these advantages 
Iron being cheapened to the lowest degree, the benefits of the transfer 
are extended all over the Island, and from the raw material being 
our own, and from the abundant employment the trade affords, no 
evil whatever can arise from the greatest possible extension of our 
Iron-trade in Foreign Markets. The transfer of the ALum TRADE, 
brought into the country by Sir Thos. Challoner, in the reign of 
Eliz., and from wh. Whitby and its vicinity derived great wealth 
and employment, has also been made for the convenience of coal. 
As new arts arise new articles are required, and thus, to encourage the 
manufacture of IRon W1RkE for cards, and in the Woollen manufacture, 
Germans, in the reign of Eliz., were brought over, and encouraged 
by a patent to make Iron wire, for that purpose, first at Tintelm in 
Monmouthshire, and about the same time, two Germans of the name of 
Wm. Humphrey, & Ch. Sh. . tes,* had the royal privilege of searching 
the Island for CaLAMINE AND Copper, for making Latten. All the 
Minerals then belonged to the Crown. The employment afforded 
by extracting minerals from the mountains in Wales, was prodigious, 
and the wealth, thence acquired by Sir Hugh Middleton, was all vested 
in labour to make the new river from Ware to London. It was also 
from the wealth of those mines that Sir Carberry P......... contested 
the royal right to minerals, which by an act of Parliament in the 
reign of Wm. the III., became vested in the owners of the soil. 
Great wealth and employment arose out of the Copper mines in the 
Island of Anglesea, for many years. And, I have been told, at the 
Alshee copper mines on the shores of Bantry Bay, in the south of 
Ireland, which originated in my suggestions, £5,000 a year was soon 
paid in labour, and that, in one year, they sent to Swansea 800 tons of 
copper ore, of the finest quality. These are some of the great advan- 
tages of attending to our Minerals as sources of good Employment 
for the Inhabitants, and consequently of wealth. These benefits from 
the metallic ores are, however, but local, and in some instances pre- 
carious and transferable. The advantages to be derived from the 


* As in MS. 
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metallic ores, are also known now to be confined to certain ranges of 
strata in the interior, and on the western side of our Island and in those 
parts confined to certain narrow ranges called veins; but the courser 
kinds of minerals, such as all kinds of sTONE, SAND, CLAY, &c., wh. 
are stratified, and applied to many useful purposes are, on account 
of their now well known regularity and continuity, good sources of em- 
ployment and profit. No place can be better stored with the articles 
than the greater part of this Island. They in former times, seem 
however to have been little attended to, as in the time of Sir Robt. 
Walpole and probably much late1, the streets of the Metropolis were 
paved with Bremen stone. Purbeck stone was much in use since I 
can remember, which gave way to the finer flags from Yorks., first 
introduced by Sir Wm. Stains, and the great employment this kind of 
stone affords, and the profits thereon, between the quarries and their 
place in the pavement of London and numerous other great Towns, 
is become a settled national benefit, and to which many new and 
extended uses of freestone, slate, flints, &c., have largely contributed. 
All the best kinds of Potrrery called Delft-ware, was formerly im- 
ported from Holland, the clay for which, to the disgrace of the country, 
was taken from our shores, but which, to the immortal memory of 
Wedgewood, has become a permanent source of employment to many 
thousands of men, women and children, in the populous but new 
district of Etruria. This manufacture to my knowledge is capable of 
great extension, and which, like the Iron Trade, from the raw materials 
being our own, is one of the best that the country can encourage for 
the employment of Jabour and capital, and that even to any extent for 
exportation. FLAGS AND GRINDSTONES are the accompaniments 
of coal, and therefore from their quantity, quality and accessibility, 
Britain, to the advancement of labour and commerce, might supply 
all the world with these articles. FLints are most extensively used 
in potteries, which, like the pipe clay, are the chief minerals of value 
in the south-eastern part of the Island, but to calcine the flints and the 
ware, these articles go to the coal districts. 

We now come to the most valuable mineral in the Island, the Coat, 
wh. seems to be drawing a variety of employments into its own vortex, 
and with the whirling rapidity of its appendant machinery, is employed 
not only to make but to convey the made and unmade, with the velocity 
of the wind, to and from all parts of the world. Now, if we look to 
a Geological Map for the sites of Coal, we find three of our principal 
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coal districts mainly occupied for this purpose. With commerce so 
extensive that the sun, it is said, never sets upon the British flag, 
our fields and rivers traversed by Steam Engines, and every part of 
the Ocean spotted with them, we may ask, what is to be the supply 
of coal, and what may be the price of it to those who derive no benefit 
from such foreign intercourse? The Iron trade, not of 100 years 
standing, has been said to consume as much coal as all the house-fires 
of that kind in the Island. The S. Wales, Staffordshire, the Derby, 
and Yorks., and the Scotch Coalfield, are the chief sites of the Iron 
trade, and the various and much increased uses of coal, begin to clash 
so much with each other, as may shortly expel the Iron-trade from some 
of these. The furnaces in Derby and Yorkshire districts, make but 
little Iron compared to their abundant supplies of Iron-stone, and that 
chiefly from the advanced price of coal. Staffordshire, also, with a 
very thick coal, but very limited in extent, has great demands for its 
coal in Birmingham, and other great Towns, and the country thence 
to the Metropolis. The Shropshire coal by the Severn and Canals, 
and the Scotch by the great towns of Edinburgh, Leith, Paisley and 
Glasgow, andthe manufactories; so that, in all of these, it may be 
expected, coal will, at no very distant period, become too dear for making 
iron. 

It is already well ascertained where Iron can be made to the great- 
est advantage so that it is in vain to look for new establishments of 
that trade in any other or any of the lesser coalfields. There is plenty 
of Ironstone in that small coalfield about Mesham and Ashby-de-la- 
Zouch and in the Cumberland coalfield where Iron has been made. 
It was also made in Northumberland and in most of the coal districts 
Ironstone might be found but for the reasons before stated Iron cannot 
be made in these coal districts which have an extensive country supply, 
that of great Towns, extensive other Manufactories, and the Metropolis. 

Coal may be considered a kind of common property on which many 
have encroached so much as to render it almost necessary to allot each 
claimant their proper share or at least to put a tax upon so much of 
this our national property which is devoted to the purpose of manu- 
facturing transmarine products for a foreign market. 

Fortunately the iron trade nor any of the extensive manufactories 
were ever established in the Coal District of Durham which supplies 
the Metropolis and the only one it has to look to for a supply. The 
workings commenced in Northumberland on Newcastle moor not many 
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centuries back and not until the Civil Wars when Shippers from the 
Tyne refused to send coal to London had there been much shipped from 
the (Wear yet ¢) from Northumberland in a line across Durham about 
twelve miles long and two or three miles wide, all the five best seams 
of coal for the London Market are wrought out or left underground in 
waste, and pillars and lent for what is gotten from the old works would 
there now be much Coal shipped from Northumberland, for in the 
small corner of that County occupied by coal it may be questioned 
whether there is sound coal enough left for a new colliery. 

The five best seams in Durham are well known to range under high 
hills of Limestone toward the sea, but a volume might be written on 
this subject were it investigated as it deserves. Now according to a 
recent report of an eminent coal-miner there is no prospect of finding 
coal under the limestone of those hills, but at any rate according to 
the general state of information amongst those concerned in working 
coal, the practicability of finding and working coal is not expected to 
extend beyond the range of the Magnesian Limestone. In the more 
southern and western districts when this rock never occurs as a cover 
to coal, the occurrence of Red rock, is by the same rule, considered to 
limit the extent of the Collieries but the mistification which has so long 
obscured all we can collect on this naturally difficult but highly im- 
portant subject should be cleared away. All sides of the Dean Forest 
and Welch and Scotch coalfields are well defined as are some others 
of less extent and importance. The prospect of finding and following 
the coal on the deep side of the main range of the series is, however, on 
many acc‘®. of the most importance to the Metropolis, and much 
of the midland and southern parts of England. We have already shown 
what opinion prevails along the main range as far as the Magn. Lime- 
stone extends, wh. is to the N. side of the Vale of Trent. 

South of the Trent and in defiance of the distortion-making 
rocks of Charwood Forest and Mount Sorrell where that commonly 
superficial and endwise barrier to Coal, the Red rock, closes with: Granite 
Schist so that all the intermediate stratification becomes delitescent, 
few practical colliers would think of trying for coal and especially when 
the should-be range thereof presents only a broad surface of Lias and 
Lias clay. 

More southward but less overloaded by the incumbent strata, 
distorted positions and red rocks are the repeated obstacles to extension, 
and this red rock with the red marl over it is considered impenetrably 
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to limit the deep side of the coal, and indeed almost all knowledge of 
it to the vicinity of Sodbury wherefrom the Lias is superadded (& with 
its high clay hills capped with Oolite much of the way), is known to be 
the cover of the Coal-series quite to the extent of the main range in 
Gloucestershire and Somersetshire. No wonder that under such 
variable circumstances generally strange and almost unknown to 
practical men in their respective Districts there should be such a variety 
of opinions. 

These, I conceive, are some of the most knotty points which 
experimental Geology has to unravel, but the chief object of this essay 
being to show things as they are I shall set down a list of the respective 
coal districts with the occupancy of each. 

[This part of the subject is not yet commenced]. 

Having thus briefly stated how the coalfields of Britain are occu- 
pied and the local and imperative demands upon each, I may now be 
allowed to draw the reader’s attention more particularly to a Geo- 
logical view of the subject. 

The various beds of coal so well known at the respective works 
may be said to range through the interior of England parallel to the 
general ranges of their overlying strata rather N.E. & S.W. of a 
Meridianal line. They range across Scotland from E. to W. and 
through South Wales in nearly the same direction but much less in 
extent, on the shore of N. Wales. On the eastern border of Wales, 
Shropshire and Herefordshire, some detached portions occur which, 
with the longer and more valuable detachments thereof on the west 
side of the Summit of Drainage at Coolbrook-dale and in Lancashire 
and Cumberland and several thousand acres in the forest of Dean, 
lying between the Severn and Wye comprise a general view of those 
situations where coal has been long and extensively wrought. The 
latter and all in the west side of England’s summit of Drainage as well 
as the great coalfield in South Wales and a few others may be considered 
as detached portions of the main range before described. Some of 
these as the South Wales & Dean Forest we are sure can have no 
connexion between them or with any other beds of coal northward of 
Staffordshire can any of the coal on the western side have any connexion 
with that on the eastern side of the summit of Drainage. Some on 
the eastern side also, at about Newcastle under Lime are probably 
detached or lie too far from the main range of coal which accompanies 
the superimposed series of English strata to be considered therewith, 
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and it may be observed in the main range there are many and some 
very wide vacancies. It is more than probable that the boundaries 
of some of the detached coalfields may in particular places be enlarged, 
as I, nearly thirty years since, found two beds of coal and established 
a Colliery for the Earl of ————— on that border of the Lancashire 
Coalfield which is nearest to Liverpool; but it is the probability of 
filling up the vacancies in the main range of our Coal to which at present 
I wish to draw the attention of y° Public. 

Thus beginning with the northernmost it is impossible for the Coal- 
fields of Scotland and Northumberland to be united, as they both range 
to seaward in the same range the southernmost workings of Coal in 
Durham are confidently expected to terminate. The recommencement 
of Coal workings in the centre of Yorkshire is, however, so far inland as 
to lead to an expectation that some of the coal ranging under an un- 
conformable cover and probably in a very circuitous course may be 
found and wrought, and on which I some time since gave an opinion to 
a gentleman at Whitby who published an extract therefrom in the Whit- 
by Miscellany. Now the Coals of Yorkshire, Derbyshire and Notting- 
hamshire are so well connected as to be considered as one District 
which on account of its length and regular course has been called 
““ The Great Northern Run.” Now the Southern. 


ADDENDUM. 


In Thompson’s “ Collections for a Topographical and Historical 
Account of Boston,” 1820, pages 292-300, is given copy of a letter 
from John Farey, dated February 24th, 1808, addressed to Sir Joseph 
Banks, which contains an interesting reference to Smith, as under :— 


“That the boring at Boston, or rather the sinking which I 
should recommend, if persevered in would reach this limestone, 
and supply a most plentiful spring of excellent water, I cannot 
have the least doubt ; and I am happy in being able to refer to 
a case in Buckinghamshire, which though so distant, is exactly 
in point. Early in the spring of 1802, when my friend Mr. Bevan, 
the engineer and myself, were receiving practical instructions 
from Mr. William Smith relative to his discoveries on the strati- 
fication, in a tour undertaken for that purpose, we accidentally 
met with the Reverend Mr. Le Mesurer, Rector of Newton-Long- 
ville near Fenny-Stratford, who related his having undertook 
to sink a well, at his parsonage house, within a mile or two of 
which, no good and plentiful springs of water were known, but 
finding clay only at the depth of more than 100 feet, was about 
to abandon the design; Mr. Smith, on looking into his map of 
the strata, pointed out to us, that Newton-Longville stood upon 
some part of the clunch clay strata, and that the Bedford lime- 
stone appeared in the Ouse river below Buckingham, distant 
about eight miles in a north-west direction, and he assured Mr. L. 
that if he would but persevere, to which no serious obstacles 
would present themselves, because all his sinkings would be in 
dry clay, he would certainly reach this lime stone, and have 
plenty of good water, rismg very near to the surface; Mr. L. 
accordingly did persevere in sinking and bricking his well, and 
at 235 feet beneath the surtace (the first 80 feet of which were 
in alluvial clay with chalk and flints, etc., similar exactly to what 
I have uniformly found on your estate at Revesby, and in the 
bottoms of many of your fen drains) the upper lime stone rock, 
(8 feet thick) was reached and found to be so closely enveloped 
in strong blue clay, as to produce not more than 9 feet of water 
in the well in the course of a night; from hence, an augur hole 
was bored in blue clay, for some distance, to the second limestone 


246 ADDENDUM 


rock, which produced a plentifully jet of water, which filled and _ 
has ever since maintained the water, I believe almost up to the 


surface of the ground, but I have unfortunately mislaid my 
memorandums of the two last measurements.”’ 


247 


BIBLIOGRAPHY. 


1595.—George Owen, of Henllys, see under Richard Fenton, 1799. 

1683-4.—Martin Lister. An Ingenious Proposal for a new sort of 
Maps of Countrys, together with Tables of Lands and Clays. 
Trans. Royal Soc., Vol. XIV. See also Weld’s History of 
Royal Society, vol. 1., p. 290. 

1719.—John Strachey. The Somersetshire Coal District. Philo- 
sophical Transactions, vol. XXX., p. 968. 

1723.—John Woodward. Natural History of the Earth (see pp. 4-6). 

1725.—John Strachey. The Somersetshire Coal District. Phil. 
Trans., vol. XXXI., p. 395. 

1729.—John Strachey. The Somersetshire Coal District, [reprint, 
with alterations, from Phil. Trans.|. 4to, 16 pp. See also 
Phil. Mag., Jan., 1833, pl. 2. 

1743.—Christopher Packe. A New Philosophico-chorographical chart 
of Hast Kent. 

1750.—Nicolas Desmarest. Encyclopedie Methodique Geographe 
Physique, tom. I., pp. 416-7. (LXIV. Livraison.) 

1760.—John Michel. The Course and Phenomena of Earthquakes. 
Phil. Trans., vol. LI., pt. IL., p. 566. 

1778.—John Whitehurst. Inquiry into the Original State and For- 
mation of the Earth. 4to, 2nd ed., 1786. 

1791.—John Smeaton. A Narrative of the Building and a Description 
of the Construction of the Edystone Lighthouse with stone: to 
which is subjoimed an appendix, giving some account of the 
Lighthouse on the Spurn Point, built upon a sand. Folio; 2nd 
ed., 1793, 198 pp. 

1794-1815.—County Agricultural Surveys. Issued by the Board of 
Agriculture. 

1799.—Richard Fenton. A History of Pembrokeshire from a Manu- 
script by George Owen, Esq., of Henllys, Lord of Kemes, &.— 
now first published by his great-grandson, Richard Fenton, Esq. 
Cambridge Register for 1796, vol. I., p. 52. See also Phil. Mag., 
Dec., 1832, p. 443. | 

1799.—W. Smith. A Map of Five Miles round the City of Bath. 

1799.—W. Smith. Table of Strata near Bath. 

1800.—The Historical and Local New Bath Guide, 12mo, 160 pp. 

1801.—W. Smith. General Map of the Strata found in England and 
Wales. 


248 WILLIAM SMITH: BIBLIOGRAPHY 


1801.—W. Smith. Prospectus of a work entitled “ Accurate Delinea- 
tions and Descriptions of the Natural Order of the various Strata 
that are found in different parts of England and Wales,” 4 pp., 8vo. 

1805.—W. Smith. Map of Somersetshire. 

1806.—W. Smith. Observations on the Utility, Form and Management 
of Water Meadows, v.+121 pp., 8vo. 

1810.—John Farey. ‘“ Information that a further publication of the 
late Mr. Smeaton’s Engineery Designs and Papers is in hand. 
Copy of a list of the principal British Strata, by the late Rev. 
John Michel (of whose posthumous Papers on Geological subjects 
further information is requested), with some experiments of Mr. 
Smeaton’s on Limestones—and Queries respecting Mr. Tofield.” 
Philosophical Magazine. Vol. XXXVI., pp. 102-103. 

1811.—Prof. Jamieson. On Colouring Geognostical Maps. Mem. 
Wernerian Soc., vol. I., pp. 149-161. 

1811.—James Parkinson. Observations on some of the Strata in the 
Neighbourhood of London. Trans. Geol. Soc., 4to, vol. I., p. 325. 

1811.—Reports of Mr. Wiliam Smith and Mr. Martin on the Strata 
of the Collieries at and near Nailsea, f’ep., 8 pp. 

1813.—Joseph Townsend. The Character of Moses vindicated. 
(Smith referred to on pp. iv.-v. of vol. I). 

1815.—W. Smith. A Delineation of the Strata of England and Wales, 
with part of Scotland. 6’ x 8}’ 

1815.—W. Smith. A Memoir to the Map and Delineation of Strata 
of England and Wales, with part of Scotland, 4to, 51 pp. 

1816.—W. Smith. Strata Identified by Organized Fossils, 32 pp. 
2 plates. 

1817.—W. Smith. Stratigraphical System of Organized Fossils, 4to 
115 pp. 

1817-9.—W. Smith. Geological Table of British Organised Fossils : 
and [several] Geological Sections. 

1818.—[W. H. Fitton]. A lengthy review of six of Smith’s memoirs 
and Sections. The Edinburgh Review, Vol. XXIX., No. 58, 
1818, pp. 310-337. [This, obviously the work of an expert, draws 
attention to imperfections in Smith’s map. and also gives a useful 
summary of the work of previous geologists, at home and abroad, 
on similar lines]. 

1818.—W. Smith. Geology of England: Mr. Wm. Smith’s Claims- 


14 pp. 


WILLIAM SMITH: BIBLIOGRAPHY 249 


1819.—W. Smith. Proposed Aire and Dunn Canal to drain the 
contiguous lands, etc. (Plan.) 

1819-24.—W. Smith. New Geological Atlas of England and Wales. 
(Yorkshire, 4 sheets, published in 1821.) 

1820.—W. Smith. A New Geological Map of England and Wales. 
(24” x 292”) 

1820.—Thompson’s “ Collections for a Topographical and Historical 
Account of Boston.” [Reference to Smith on pp. 293-300]. 

1821.—{Report of Lecture by W. Smith to the Leeds Philosophical and 
Literary Society]. Leeds Mercury, Nov. 24. 

1822.—W. D. Conybeare and W. Phillips. Outlines of the Geology 
of England and Wales. pp. xlv.-xlvil. 

1824.—W. Smith. A New Geological Map of England and Wales. 

1825.—{ Notice of course of lectures by W. Smith and J. Phillips.] Fast 
Report Int. and Phil. Soc. of Kingston upon Hull, 1824-5, pp. 9-11. 

1825.—| Notice of lectures by W. Smith and J. Phillips.]| Ann. Rep. 
Yorks. Phil. Soc., for 1824, pp. 5-6. 

1827.— John Cole. The Scarborough Souvenir, 12mo, 1827 [pp. 1 to 
73, and a similar number not paged ; contains the statement (p. 3) 
“IT must in justice acknowledge that Mr. Geologist Smith has 
supplied me with the scientific paper containing the detailed ac- 
count of the Reservoir on Spring Hill, and his perfectly original 
mode of making a reserve of Winter water for Summer use.”’ Mr. 
Smith’s notes occupy eleven unnumbered pages]. 

1827.—W. Smith. Letter to Sir John Johnstone respecting work at 
Scarborough. 

1827.—W. Smith. Gifts to the York Museum. Yorks. Phil. Soc., 
Report for 1826. 

1827.—W. Smith. On retaining water in the Rocks for Summer Use. 

Philosophical Magazine, N.S. vol. I., No. 6, June, p. 415. 

1829.—John Phillips.—Illustrations of the Geology of Yorkshire. 1st 
Ed., 1829; 2nd Kd., 1835; 3rd Ed., 1875. 

1829.—W. Smith. Memoir of the Stratification of the Hackness 
Hills (MS.). 

1829.—Proceedings of the Public Dinner on the opening of the Scar- 
borough Museum, on Monday, Aug. 31st, 1829. [Extracted from 
the Yorkshire Gazette]. York. 12mo, 16 pp. 

1830.—First Report of the Scarborough Philosophical Society. 8vo, 


5D pp. 


250 WILLIAM SMITH : BIBLIOGRAPHY 


1830.—Anon. Proceedings at the Annual Meeting of the Yorkshire 
Philosophical Society, and opening of the new museum, Feb. 2nd, 
1830. [Extracted from the Yorkshire Gazette.| York. 12 mo, 
O6 pp. 

1830.—*‘ An Original Subscriber’ [ ? Editor]. Bed of Coal at Robin 
Hood’s Bay [quotes letter from Mr. Smith]. The Whitby Reposi- 
tory, Vol. VI., Dec. 1830, pp. 370-372. 

1851.—Proc. Geol. Society, 1831, pp. 270-80. 

1831.—W. Smith. Agriculture (MS.). 

1831(?)—[W. Smith]. Politics, Statistics, etc. (MS.) 

1832.—William Henry Fitton. Notes on the History of English Geol- 
ogy. London and Edinbrough Philosophical Magazine. Vol. L., 
pp. 147-60; 268-75 ; 442-50: vol. IL., pp. 37-57 (1832-3). 

1832.—W. Smith. Synopsis of Geological Phaenomena. [Broadside 
published at Oxford ]. 

1832.—W. Smith. Geological Map of Hackness. 

1832.—Note on W. Smith’s pension. York Courant and Original 
Advertiser, March 6th. 

1833.—Presentation to W. Smith. Rep. Brit. Assoc., 2nd Meeting, 
1832, p. 99. 

1833.—W. D. Conybeare. Report on the Progress, Actual State and 
Ulterior Prospects of Geological Science. 1st Rep. Brit. Assoc. 
[refers to Smith on pp. 370-1]. 

1834.—Prof. Sedgwick. Address on announcing the first award of 
the Wollaston Prize [to William Smith] 18th Feb., 1831. Proc. 
Geol. Assoc. Vol. I., 1854, pp. 270-280. 

1854.—Lithographed Signatures of the members of the British Associa- 
tion for the Advancement of Science, who met at Cambridge, 
June, MDCCCXXXIITI. [No. 453 is that of ““ Wm. Smith, Geologist, 
Hackness, Scarboro.”’ | 

1835.—W. Smith. Freestone (MS.). 

1835.—W. Smith. Building Stone (MS.). 

1837.—William Smith. Practical Distinctions in Minerals [“‘ Notice 
of a Method of easily distinguishing between minute grains of 
Quartz and Mica ”’ in ‘ Contents’]. Magazine of Natural History. 
Vol. I., N.S., pp. 386-7. 

1837.—William Smith. Coal finding, loc. cit., pp. 645-647. | 

1837.—Anon. Portrait of Dr. William Smith [notice of publication of], 
loc. cit., p. 648. 


WILLIAM SMITH: BIBLIOGRAPHY 251 


1839.—Report to the Commissioners of Her Majesty’s Woods, Forests, 
Land Revenues, Works and Buildings, dated 16th March, 1839 
[on Stone for the new Houses of Parliament]. 

1839.—[ Notice of visit by W. Smith to Hull Museum]. Rep. Int. and 
Phil. Soc., Kingston upon Hull, 1839, p. 9. 

1839.—John Phillips. “‘ Biographical Notice of William Smith, 
LL.D.” The Magazneof Natural History, vol. I11., New Series, 
1839, pp. 213-220. [This is illustrated by a portrait, issued as 
one of a series of “supplementary plates,” all of which are 
missing from the Geological Society’s copy. I understand, how- 
ever, the portrait is the same as that in Phillips’s “‘ Memoirs.” | 

1840.—Prof. Buckland. Anniversary address to the Geological 
Society, 21st Feb, 1840 [includes p. 248-254, a Memoir on William 
Smith, recently dead]. Proc. Geol. Soc. Vol. III., 1840. Pp. 
210-267. 

1844.—John Phillips. “‘ Memoirs of William Smith, LL.D.; author 
of the map of the Strata of England and Wales” by his nephew 
and pupil, John Phillips, F.R.S., F.G.8., London, 8vo, 1844, pp. 
x. +150 [the chief work dealing with Smith]. 

1844.—C. H. Smith. Lithology, or Observations on Stone used for 
Building. Treating chiefly with the Magnesian Limestones of 
Yorkshire, Derbyshire, and Nottinghamshire, with reference to 
the selection of Stone for the New Houses of Parliament. Trans. 
Roy. Inst. Brit. Architects, part VII., 36 pp., 4to. 

1860.—John Phillips. The Anniversary Address of the President, 
[includes a reproduction of a “ Table of the Distribution of Am- 
monites,” dictated by W. Smith in 1817. Quart. Journ. Geol. 
Soc. Vol. XVI., 1860, pp. xxvii.55. 

1869.—W. Stephen Mitchell. The Centenary of William Smith’s 
Birth. Geological Magazine, 1869, pp. 356-359. 

1873.—W. Stephen Mitchell. [A proposed] Book about William. 
Smith and the Somersetshire Coal Canal. Geol. Mag., Jan... 
p. dl. 

1873.—W. S. Mfitchell]. Notes and Queries on the Classification and 
Nomenclature of the English Strata. Geol. Mag., pp. 113-115; 
355-356. 

1873.—Robert Davies. ““Memoir of Martin Lister, M.D., F.R.S., 
1638-1712.” Yorks. Arch. and Topog. Journ., vol. I., pp. 297- 
320. 


252 WILLIAM SMITH : BIBLIOGRAPHY 


1874.—Reference to a gift of a Bust of Smith, by J. B. Baker. Rep. 
Scarborough Phil. and Arch. Soc., for 1873, p. 8. 

1877.—G. 8. Boulger. Dr. William Smith’s Geological Maps [suggests 
purchase of the original 16 copper plates for presentation to the 
Geological Society]. Geological Magazne 1877, p. 378. 

1877.—Catalogue of the Special Loan Collection of Scientific Apparatus 
at South Kensington. 3rd edition, 1877, p. 823 [refers to Smith’s 
map of Hackness]. 

1882.—Joseph Brogden Baker. The History of Scarborough from 
the earliest date. Roy. 8vo., pp. xiv.+527. [‘‘ Dr. W. Smith,” 
on pp. 451-2]. 

1887.—Henry J. Eunson. “ William Smith.” Journal Northants. 
Nat. Hist., Soc. and Field Club. Vol. IV., No. 31, 1887, pp. 
287-290 [with photograph of Smith’s Memorial in St. Peter’s 
Church, Northampton]. 

1887.—Henry Woodward. Visit to the Historical and Type Collections 
in the Geological Department, British Museum. Proc. Geol. 
Assoc., 1887. [Smith’s Collections described on pp. 124-126]. 

1890.—C. Meadley. Memorials of Scarborough. 294 pp. [refers 
p. 70, to Smith’s scheme for Scarborough’s Water Supply, and 
explains where the reservoir was]. 

1892.—Anon. A Monument to Wilham Smith, LL.D. Geol. Mag., 
N.S. December 3, Vol. [X., No. 2 (No. 332) February 1892, 
pp. 94-96. 

1892.—C. Fox-Strangways. The Jurassic Rocks of Brita. Vol. I. 
(Mem. Geol. Survey) 1892, pp. 551 [refers to Smith’s Hackness 
map and quotes the memoir thereon]. 

1892.—H. Woodward]. William Smith, LL.D., “The Father of 
English Geology.” [Note in reference to the monument at 
Northampton]. Geol. Mag. 

1896.—W.C. Wilhamson. Reminiscences of a Yorkshire Naturalist. 

1897.—A. Geikie. The Founders of Geology. 2nd edition, 1905. 
Roy. 8vo, 486 pp. [Smith on pp. 381-397]. 

1897.—J. W. Judd. William Smith’s Manuscript Maps. Geol. Magq., 
pp. 439-447. 

1898.—T. G. Bonney. William Smith: in Dictionary of National 
Biography, 1898. Vol. LIII., pp. 151-153. 

1898.—Ernest Clarke. The Ban of Agriculture, 1795-1822. Jie 
Royal Agric. Soc., 3rd series, vol. [X., pp. 1-41. 


WILLIAM SMITH : BIBLIOGRAPHY 253 


1898.—J. W. Judd. Geological Maps: their Origin and Development. 
Proc. Geol. Assoc. Vol. XV., part 8, 1898, pp. 290-292. 

1898.—J. W. Judd. The Earliest Engraved Geological Maps of 
England and Wales. Geol. Mag., 1898, pp. 97-103; The Earliest 
Geological Maps of Scotland and Ireland, loc. cit. pp. 145-149. 

1902.—Henry Woodward. William Smith, LL.D., “‘ Father of English 
Geology.” Proc. Bath Nat. History and Antiq. Field Club. 
Vol. X.; part 1, 1962, 14 pp. 

1904.—R. M. Sergeantson. “‘ A History of the Church of St. Peter, 
Northampton,” etc. Northants., 8vo, 1904, 293 pp. [Smith 
referred to on pp. 124-129]. 

1907—{T. Sheppard]. “The Father of English Geology” with 
portrait). Naturalist, Nov., p. 378. 

1908.—H. H. Winwood. The New Branch Line of the G. W. R. 
from Camerton to Limpley Stoke [refers to Smith’s work in the 
district and gives photograph of the memorial tablet on the house 
at Tucking Mills, near Bath]. Proc. Bath and District Branch, 
Somersetshire Archeological Society, 1908, pp. 195-197 (plates). 

1911.—Horace B. Woodward. History of Geology. 154 pp. [W. 
Smith (with portrait) on pp. 31-39]. 

1912.—T. Sheppard. A Yorkshire Plan by William Smith [reproduced] 
Naturalist, Sept., pp. 282-3. 

1915.—Charles Schuchert. A Text-Book of Geology. Part II. 
Historical Geology [portrait, and reference to Smith on p. 844]. 


a Pe mS 


c QDBII] IOALI ,, “IF OG 9YZ JO WOIssaIdUT UB SOATS 9rNqora UL ak poywdrasy, 


yo st puosog ureld oy, “Spuvs pue sforvl 
—_s91usvof[ [BOD 94} JO BdBJANS pepodg 9I]} SLIAO0D 45 


: “spaa'T ‘kajsurgd Mas{po] 


5 Aq urejdoao puvs SOUS AYO oy VO UOTJZDIS OYJ, “4SBe {deep Sutddip a10t 
sul 1098 OT, “Wd YSTEP{ 109’ AA FV SOUTPIS LOy Suryqno sy} JO MOL \ 
[fq ydvasojoy J 


255 


ALLUVIAL DEPOSITS AT WOODLESFORD AND ROTHWELL HAIGH, 


NEAR LEEDS. 
BY ALBERT GILLIGAN, M.Sc. (Leeds), B.sc. (Wales), F.G.S. 
(Read in abstract on November 16th, 1911) 


Woodlesford is situated about six miles south-east of Leeds, and 
is built chiefly upon the south side of the River Aire on a slope of Coal 
Measure shale with the Thornhill Rock forming the high ground. 
Immediately to the south-east of the town, the valley of the Aire opens 
out considerably, and, stretching as far as Methley Grange—a distance 
of three miles—and occupying all the low ground at the junction of 
the Aire and Calder is found the alluvial deposit. The area covered 
by the alluvium is about two and a half to three square miles. It is 
marked upon the l-inch Geological Map as chiefly Second River Terrace 
gravel, with two patches near the Aire and one near the Calder of 
First River Terrace. On the northern bank of the River Aire at this 
part, only the First River Terrace is marked, and that only as a thin 
fringe not more than half a mile and generally less than a quarter of a 
mile wide. On the south side of the Calder the Second River Terrace 
is again found, but only in small detached patches. 


Messrs. Henry Briggs, Son and Co., wishing to work the Silkstone 
and Beeston Seams in the northerly portion of their area, decided to 
sink new shafts somewhere between Spencer Pit at Newmarket (a 
little south of Rothwell) and Woodlesford. There were several projects, 
but a consideration of railway and canal facilities, trade with Leeds 
and with shipping centres, such as Hull and Goole, pointed to a site 
near Woodlesford as being the most desirable. The next business was 
to examine thoroughly the country around Woodlesford from a mining 
engineer’s point of view in order to settle on a definite site for the 
new colliery. This involved a consideration of the country with 
regard to the following points :— 


(a) Topography and surface contours. This is necessary because 
the expected coal must be got cheaply both on to the main 


line of railway and the canal. 
R 
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(b) Space for the laying out of extensive sidings for full and 
empty trucks, and for the surface buildings and equipment. 


(c) Drainage of all surface waters and of the water which may 
possibly be met with underground. 


(d) Ease or difficulty of sinking the shafts due to water. faults, and 
subsidence caused by old workings, ete. 


After due consideration of these points a site between the railway 
and the canal, exactly across the railway from the site finally selected, 
was more closely examined. This gives ready access to both railway 
and canal, but it was found unsuitable as not affording space for siding 
accommodation, and it would further have necessitated the formation of 
very high railway embankments to deal with the coal by gravitation, 
and to effect a railway connexion with the main line. On the south 
west side of the railway, however, is a flat tract of ground bounded on 
the river side by the 50 ft. contour, and marked as Second River 
Terrace gravel on the geological maps. This stands about 20 feet 
above the ground first selected on the other side of the river, which is 
the First River Terrace. A section taken across the valley at right 
angles to the railway is like a shallow saucer with the canal and river at 
the lowest point. The embankment which carries the Midland Railway 
passes down the centre, and to approach this height at ground level it 
is necessary to work from the Second River Terrace. 


The next question was whether much difficulty would be experi- 
enced in sinking the shafts for the colliery through the alluvium. Ob- 
viously at any point low down near the axis of the valley there would 
be much water in the alluvium to contend with, and there was justifiable 
hope that at any point away from the axis the alluvium would be thinner 
as a consequence of the slope of the old valley before it was infilled. 
This slope would determine the direction of flow of the ground-water, 
whereas the direction of flow of the surface-waters is, of course, deter- 
mined by the present outline of the surface. Away from the axis, 
therefore, the alluvium tends to be less water-logged than nearer the 
centre. 

Next, with regard to subsidences caused by old underground 


workings. The workings in the Haigh Moor seam—at a depth here 
of noly 67 yards—extend from Spencer Colliery almost to the Midland 
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Railway, and run parallel with the railway at a distance of 150 yards. 
It was, therefore, possible to draw a line east of which no further 
subsidence might be expected. This question of subsidence due to 
coal workings was of great importance, because of the desirability of 
having good foundations for the surface equipment, especially head- 
gears, winding engines and boiler chimney. The next point was so to 
fix the site in this stable area that the curves to the main line and 
canal would be suitable for the traffic, and so that the minimum amount 
of embanking and excavating would be necessary to lay down empty, 
screen, and full sidings. This led to a line parallel with the Midland 
Railway being fixed. West of this line no surface buildings were 
permitted, and no embankments higher than the present Midland 
Railway embankment. 


The consideration of all these questions fixed the line for the shafts 
and for the sidings along which the gravitation from north-west to 
south-east was decided on. In this way an embankment became 
necessary on the north-west end of the site, and a large excavation at 
the south-east end. It was in the making of this excavation, and in 
excavating the soft ground on the north-west to build up the embank- 
ment, that the extensive sections in the alluvium were exposed. These 
points in connection with the choice of the site have been rather tully 
dealt with as affording an excellent illustration of the importance of 
Geology to the mining engineer in all his undertakings, even betore 
a sod had been turned. 


The work was carried out under the direction of Mr. Isaac Hodges, 
#.G.S., and most of the intormation contained in the above description 
was obtained trom Prof. BK. L. Hummel, who was at that time engaged 
on this work. The first step was to put down a borehole to strike a 
road in the Haigh Moor seam from Spencer Colliery. The object was 
to test the accuracy of the plan of the workings, to prove the strata 
down to this depth and to gain some knowledge of the quantity of 
water which would be met with in the sinking. The borehole passed 
through alluvium, and then filled with water, but boring was continued 
until the underground road was pierced, when the water poured down 
into it and the hole was then plugged up. Digging operations on 
the shaft site soon revealed the nature of the material making up the 
alluvium in much surer fashion than the borehole had done. At No. 
2 shaft, the section record was :— 
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The Sand at the bottom, called “running sand,” carried vast 
quantities of water, and gave great trouble in the sinking operations. 

A typical section was that which was exposed in excavating the 
alluvium to build No. 3 Engine House :— 
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The following was the succession of the beds in the excavations 
made tothe north-west ot the shafts to obtain material for the em- 
bankments : 
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The height of the solid rock at the north-west end of the excavation, 
where no alluvium is found, is 71 above O.D., and at the engine house, 
44 ft. above O.D., which gives a fall of 27 ft. in about a quarter of a 
mile. The upper laminated clay can be traced from end to end of the 
site, but the lower laminated clay commences a little north-west of 
where the shafts are situated, and is found right to the south-east end 
of the excavations. The presumption is that it continues still further 
to the south-east. 


PETROLOGY OF THE DEPOSITS. 


GRAVELS. 


The pebbles of Coal Measure sandstone and grit were very variable 
in size, the largest being about 6 x3 x2 ins. of Coal Measure sandstone. 
Ironstone nodules of a flattened type—evidently from the Coal Measures 
—occur in great numbers, while fragments of chert, often cuboidal in 
form, were by no means rare. The pebbles were somewhat irregularly 
laid, but there was a general tendency for them to lie with their long 
axes north-west and south-east, parallel to the present course of the 
River Aire. The gravel, when treated with dilute hydrochloric acid, 
showed a brisk effervescence, and this was found to be due to small 
fragments of limestone and calcite in the finer material intermixed 
with the gravel. Small pieces of grit and Coal Measure sandstone 
effervesced slightly, and seemed to be more or less impregnated with 
calcite. The heavy minerals and general mineral composition of the 
finer material was found to be identical with the sands associated with 
these deposits, and do not call for a separate description. 


SANDS. 


The thickness of the beds was very variable, as the sections show, 
and the current bedding very pronounced, the general direction indi- 
cating deposition by water flowing south-east. 


A microscopical examination of the sands shows the size of the 
grains to be very variable, the pieces of grit and sandstone being the 
largest. These were distributed irregularly through the sands. The 
fragments and minerals present (neglecting the heavy minerals to be 
named later) included sandstone, ganister, grit, chert, coal (occasion- 
ally forming bands), limestone, ironstone, quartz, felspar and mica. 
This is just such an assemblage as would be yielded by the rocks 
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occurring in the basin of the River Aire. The quartz showed the devel- 
opment of new crystal faces just as it so frequently does in the Millstone 
Grit : the felspar was quite fresh and was extremely abundant in some 
layers. Some ot the bands of sand were coloured black in consequence 
of the presence of manganese dioxide, while other bands were deeply 
stained by the oxides of iron. 


In a brief account “of these deposits given in 1911 to the Leeds 
Geological Association, it was stated by the authors that very few 
garnets and zircons were found in these sands. The sands had then only 
been examined in bulk under the microscope, and no separation of 
heavy minerals had been carried out. This has since been effected 
by means of a Sollas bottle and Sonstadt’s solution, with the results 
given below, the minerals being named in the order of their abundance. 
Sand from different horizons and various parts of the excavation have 
been examined—including the sand mixed with the gravels—and no 
perceptible differences have been made evident, except that there was 
a greater abundance of garnets in the sands from the gravel beds :— 


(1) Garnet, in abundance in some of the beds. 

(2) Zircon, very abundant in all separations. 

(5) Leucoxene, often with ilmenite in the interior and anatase or 

rutile as secondary outgrowths. 

(4) Tourmaline, chiefly brown, but blue and purple also occur. 

(5) Monazite, several grains in each separation. 

(6) Barytes, a few grains in the gravels. 

There was often a quantity of clay-ironstone present. Xenotime 
is possibly also to be added to the list, as many grains were found 
resembling zircon except in the fact that they were pink in colour 
or clouded. 

These minerals are in all respects similar to those found in the 


Millstone Grit and Coal Measure sandstone and shales, and will be 
fully described in my paper upon the Millstone Grit of Yorkshire. 


CLAYS. 


As shown in the section exposed at the engine house, two beds of 
clay occur, separated by a varying thickness of sand and gravel. Whilst 


* ** Alluvial Deposits at Woodlesford,” by A. Gilligan, B.Sc., and 
E. L. Hummel, B.Se. Trans. Leeds Geological Assoc., pt. xvi., p. 24. 
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the base of the top bed of clay maintained a constant horizon the top 
of the lower bed of clay, which was exposed at the end of the excavation, 
was undulating and, of course, the sand and gravel separating the beds 
increased in thickness where the lower bed of clay was thinner. This 
would point to contemporaneous erosion of the lower clay by a stream 
which shifted its course. 


The most striking character of the clays was the fine lamination 
which they showed when the spades of the workmen made a clean 


Photo: A. Gilligan] [X 15. 


Photomicrograph of the 
UprpER LAMINATED CLAY OF WOODLESFORD. 


vertical cut. The alternating layers were light brown and dark 
brown in colour. The number of lamine varied from 90 to 130 to the 
inch so far as they can be counted with a binocular mineralogicat 
microscope, but observations upon dried specimens of the clay show 
that many of the lamine which had been counted as one split up into 
two, so that the number given above would have to be increased. The 
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dark brown lamine appear to be very fine grained with a few grains 
of quartz and mica. The mica is variable in quantity, being most 
abundant when the brown lamina is thickest. The quartz grains are 
exceedingly small and angular. The light brown laminz are much 
more open in texture and usually somewhat coarser than the dark 
laminee. One milky looking grain looked very like a piece of calcite 
with rhombohedral outline, and when a drop of hydrochloric acid was 
placed upon it a brisk effervescence took place, showmg that the 
diagnosis had been correct. Following this up by testing other grains, 
it was found that calcite was present in some quantity in all the light 
brown layers. If a piece of the laminated clay be taken and a smooth 
face prepared perpendicular to the laminations, and then a brush dipped 
in hydrochloric acid be drawn across the laminations each light brown 
lamina effervesces briskly while each dark lamina is unacted upon. 
Further reference to this fact will be made in the Appendix, where 
other laminated clays are also described. 


It was also found that each bed of clay had its laminations com- 
pletely destroyed by penetrating rootlets in certain layers, and in 
many cases a cast of the hole caused by a rootlet which had decayed 
had been made in calcite. Some of these were separated and examined, 
and found to be hollow in each case while the branching of the minute 
rootlets had been perfectly preserved. When dissolved in dilute 
hydrochloric acid, only a slight deposit remained showing them to be 
almost pure calcite, with only a very slight admixture of clayey material. 
This destruction of the lamine by penetrating rootlets is interesting 
in the light 1t throws upon the absence of bedding shown by true 
under-clays ot the Coal Measures. An excellent demonstation of the 
fact that the rootlets had actually destroyed the lamine was afforded 
at Rothwell Haigh. The washings from sand had been allowed to 
settle in a pool, where they formed a laminated clay. Upon the 
dried surface of clay, clumps of grass were found growing, and on 
digging these up it was seen that the clay penetrated by the fibrous 
rootlets of the grass was without laminations, though laminations were 
distinct where there had been no growth of vegetation. 


Scattered through the laminated clay, especially in the top bed 
at Woodlesford were concretions of practically pure carbonate of lime 
of very irregular shape, reminding one of the “race ”’ in the Thames 
Valley brick earths. A careful search was made 1n the clays for traces 
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of organisms and concretions, but beyond the rootlets mentioned 
above nothing was found. 


Looking at the 1-inch Geological Map it is seen that Ovlton Beck 
meanders across this deposit of alluvium from west-north-west to 
east-south-east, and it occurred to me that this beck may have in some 
measure contributed the material which is now found here. The 
deposits are undoubtedly of deltaic origin, laid down in a lake or pool, 
and are vot such as are ordinarily formed by rivers in such a part of 
their course. The lacustrine conditions may have been due to the 
blocking of the mouth of the Humber by the North Sea ice at one 
stage of the last Glacial period. This ice held up a great lake in the 
central valley of Yorkshire. As Professor Kendall* points out, the 
presence of finely laminated muds is indicative of lacustrine conditions, 
and such clays were present in the great system of lakes which he 
proved to have formerly existed during the Glacial period on the 
northern flanks of the Cleveland Hills and in the Vale of Pickering, 
which latter in Glacial times was a lake receiving practically all the 
drainage of the Cleveland area. In the Vale of York itself, these 
laminated muds or clays also cover a very large area, and are found to 
have exactly the same characters as these at Woodlesford. 


How are we to interpret the presence of the two clays with the 
intervening sands and gravels? The phenomena must mean either 
that the level of the lake was lowered after the formation of the first 
clay and that in consequence the rivers could sweep out their coarser 
material further than previously; or, that there was an increase in 
the carrying power of the water caused by uplift of the source or an 
increased volume of water. The irregular surface of the lower clay 
points to the former explanation, and to the river or stream having 
meandered over its surface after its formation. 


As stated above, Oulton Beck suggests itself as a likely vehicle 
for the conveyance of some of the material in this delta, and support 
is given to this view by the fact that it is seen to cut through or rather 
pass between two very large patches of sand and gravel capped by 
laminated clay and boulder clay. These occur at a height of 175 to 
250 ft., capping the high ground which forms the spur between the 


* P. F. Kendall, Proc. Yorks. Geol. Soc. Vol. XV. pt. 1, pp. 38-39. 
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Rivers Aire and Calder. The material at Woodlesford would represent 
the redistribution of these high level gravels by Oulton Beck. There 
is evidence also of a diversion of Oulton Beck, which flows south-east 
at first, and approaches within a mile of the Calder, which it probably 
formerly entered. But instead of doing so, it now turns due north 
at Lofthouse Gate, turns east again at Rothwell, and flows between 
the gravel patches, where it occupies a valley quite disproportionate to 
the present stream. This diversion could well have been caused by 
the ice which Mr. Lower Carter* believed to have dammed up the 
Calder and formed its valley into a lake. In fact, this seems to be the 
most reasonable suggestion. 


Deposits At RoTHWELL HaIGH AND OULTON. 


These were described in 1905 by Mr. E. Hawkesworth in the 
Proceedings of the Yorkshire Geological Society (Vol. XV. p. 456), to 
which reference may be made for the general phenomena and for 
accounts of the types of pebbles which occur. Orie remark, however, 
with regard to these seems necessary, viz., that a careful search has 
yielded no igneous rock, and in many visits to the similar gravels at. 
Newlay, [ have been unsuccessful in finding even the smallest fragment 
of igneous rock. This is the more remarkable since in the Memoir of 
the Yorkshire Coalfield, 1878 (p. 779), “‘trap and _ flesh-coloured 
granite ” are recorded in the Glacial deposits at Whinmoor, north east 
of Leeds. I have also carefully searched the new exposures made on the 
south-east side of the Rothwell Haigh deposits—where a very coarse 
gravel is found—but without success as far as igneous rocks are con- 
cerned. Particular attention has been given to the Rothwell Haigh 
patch ot gravel, and many points of interest have presented themselves 
which will amplify the description and record given by Mr. Hawkes- 
worth. The boulder-clay which was mentioned in the paper on “ The 
Glaciation of the Bradford Area’ by Messrs. Jowett and Muff, (Proc. 
Yorks. Geol. Soc., Vol. XV. p. 193), as having been found at Rothwell 
Haigh in making drains, is to be seen at the top of the section near the 
John o’Gaunt Inn, and though every glacialist would at once recognise 
it as boulder clay, it is satisfactory to note that scratched boulders 
have been found in it, both by Prof. Kendall and myself. 


* W. L. Carter, Proc.. Yorks. Geol. Soc., Vol. XV., 1905, p. 434. 
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These are usually of Carboniferous limestone or fine grained 
sandstone. Below the boulder clay is found a bed of finely laminated 
clay, and this calls for further description. The bed is best seen on the 
south side of the gravel pit. Indeed, it is hardly seen properly on the 
north side as the laminations have been almost completely destroyed, 
for it is not there capped by boulder clay. It is redder in colour than 
that found at Woodlesford, and contains fewer lamin, but it is in such 
~ acrumpled condition—no doubt asa consequence of its being over-ridden 
by the ice which deposited the boulder clay—that it is difficult to count 
the lamine. Towards the bottom the clay is much bluer, as is usually, 
of course, the case, as a consequence of the oxidation of the upper part. 
At the eastern end of the section the boulder clay cuts out the laminated 
clay and rests directly upon the sand. As recorded previously,* blocks 
of Magnesian Limestone are found embedded in this laminated clay. 
The largest seen in situ—which yielded Azinus and Turbo—was 
about 1 ft. x 10 in. x7 in., but the largest seen in the pit and evidently 
derived from the clay, as some was found adhering to it, was 2 ft. 4 in. 
x 1ft.4in. x 1 ft. 2in., and was a hard crystalline mass with well- 
marked bedding. A peculiarity is observable in the distribution 
of these Magnesian limestone masses and pebbles. They are 
fairly common in the lower part of the laminated clay, but 
most common about the middle just at the junction of the blue 
lower and brown upper clay. No Magnesian limestone has 
so far been found in the boulder clay, nor in the sands 
and gravels below the laminated clay, unless some of the chert pebbles 
have been derived from such a source. In the Memoir on the Yorkshire 
Coalfield (p. 779), chalk is recorded among the pebbles occurring in 
the drift at Whinmoor, and some of the masses found at Rothwell 
Haigh are as white as the chalk, but a microscopical and chemical 
examination of one such piece proved it to be a magnesian limestone 
containing practically no iron or manganese. The mistake could also 
be forgiven anyone who imagined some of the chert pebbles to be flints 
derived from the chalk, but I am of opinion after comparing them with 
chert from the Magnesian limestone that that is their source. 


Irregular concretions of carbonate of lime occur as in the laminated 
clays of Woodlesford, and the action of hydrochloric acid on the different 
lamine is the same. Some of this clay was tested for heavy minerals, 


* Trans, Le2ds Geol. Assoc., pt. XVI., p. 31. 
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and also to see whether the carbonate of lime was present as original 
fragments of limestone or calcite, or as a secondary mineral. The 
heavy minerals yielded were the following :—zircon, garnet, leucoxene, 
rutile and tourmaline, named in the order of their abundance. One or 
two very small grains may be monazite, but of this I am not sure. 
When the heavy liquid with which the separation was effected was 
reduced to sp. gt. 2°7, it was found that a large number of the grains 
which came down were of rhombohedral form with the boundaries: 
very sharply defined, and also showing zonary banding. In addition, 
masses showing a radial structure and giving a faint black cross were 
fairly numerous as well as a few groups of sharp pointed crystals which 
on closer examination with a high power objective, were seen to be 
scalenohedra of calcite. Here, then, is the explanation of the cause of 
the effervescence, and a further test showed that the calcite had been 
deposited in the more porous layers which gave the effervescence in 
the tests before described. 


Below the laminated clay is sand about 15 ft. thick. It shows 
current bedding with a prevalent direction from north-west to south- 
east. The sand is noticeably coarser in the bottom part than near the 
top. 

PETROLOGY OF THE SANDS. 


The description already given for the sands at Wocdlesford is 
applicable to these except that the manganiferous patches are absent, 
or nearly so, and there is a greater abundance of coaly layers. The 
material making up these sandy beds are just such as would be yielded 
by the rocks occurring in the valleys of the Rivers Aire and Calder, and 
of these the Millstone Grit has been by far the most important con- 
tributor. When the sands are treated with hydrochloric acid there is 
a slight effervescence. 


Percentages of various grades :— 


Weight of sand taken —465-0 grams. 
Stopped by 10 mesh = 11-2 _,, 
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The slight discrepancy is due to the material sticking in the 
meshes and adhering to the sides of the sieve. 


The material which was greater than one-tenth inch consisted of 
pebbles of sandstone, clay ironstone, ganister, chert and grit, named 
in the order of their abundance. Separations of the heavy minerals 
with liquid of sp. gr. 2-8 yielded the following in order of relative 
abundance :—zircon, abundant in all separations, leucoxene, garnet, 
rutile, tourmaline, monazite, and anatase. 


These are of exactly the same type as those found in the Millstone 
Grit and Coal Measures. Whilst the list is not a long one, the actual 
amount of heavy minerals is rather large. As in the separations made 
from the Millstone Grit and Coal Measures almost the whole of the 
heavy minerals are found in the material which has passed through the 
90 mesh, and is less than -01 inch as actually measured with the mi- 
crometer. The exceptions to this in some of the separations were the 
garnets and lencoxene which were found in notable quantities in material 
of grade which passed the 60 mesh but did not pass the 90 mesh. 


ORIGIN OF THE Deposits. 


In the description given of these deposits in the Memoir of the 
Yorkshire Coalfield (pp. 783 and 784), they are spoken of as river 
gravels of considerable antiquity, formed when the stream was flowing 
at the level on which they now lie. But, as pointed out by Mr. 
Hawkesworth in the paper already cited, the problem cannot be so 
easily dismissed. In the Memoir, no mention is made of the laminated 
clay, which I first observed in 1909, and the first record of boulder 
clay at Rothwell Haigh was made by Messrs. Jowett and Muff in 1904. 
Mr. W. Lower Carter, in his paper on the Glaciation of the Don and 
Dearne Valleys, mentions these deposits at Rothwell Haigh and 
Oulton, and in supporting his idea of the existence of a glacier-like 
in Calderdale, writes* :— 


The northern edge of this lake (7.e., Lake Calderdale) would 
creep up to and over the watershed of the Calder and Aire at 
Lofthouse and Rothwell, would discharge its waters over the gap 
at Tingley into the Churwell valley and lapping round Middleton, 
would be bounded northward by the Airedale Glacier. This lake 


* Proc. Yorks. Geol. Soc., Vol. XV., Pt. IT1., p. 435. 
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would serve to explain the Rothwell and Oulton Gravels which 
cap the watershed between the Aire and Calder from the 175 ft. 
to the 250 ft. contour. I regard these detrital deposits, often well 
bedded and associated with fine tenacious clays, as part of the 
lateral moraine of the Airedale Glacier rearranged in the lake which 
washed the side of the glacier. 


Now, whilst I am disposed to agree with the statement that a 
lake existed here—as is indeed evidenced by the presence of the 
laminated clay—a little more explanation is needful than that given 
in the latter part of the quotation. Mere rearrangement of the material 
will not suffice to give us the succession found at Rothwell Haigh, 
where we have coarse gravel at the base, succeeded by sands becoming 
finer towards the top, and these surmounted by laminated clay and 
capped by boulder clay. 


This series of beds represents a succession of conditions in this 
area such as might result from a glacier gradually approaching and 
creeping up the spur between the Aire and the Calder. 


There were two glaciers which have to be considered in this area : 
(1) the ice coming down Airedale ; (2) the Vale of York ice. 


Messrs. Jowett and Muff assumed that the Rothwell gravels 
were, in fact, the morainic product of the Airedale glacier, but there is 
certain evidence on this point which was not in their hands. Among 
the erratics of the boulder clay, I have mentioned Carboniferous 
limestone. Professor Kendall has pointed out that some of this 
limestone is of a type only to be matched by Carboniferous limestone 
to be found in situ about Richmond, and therefore beside the track of 
the Vale of York ice. Secondly, I have found in the gravel-pit pebbles 
which certainly have a wind-polished and pitted surface, and which 
seem to have belonged to the Trias of the Vale of York. I have not 
actually found these in situ in the boulder clay, but I can conceive no 
other explanation of their presence than that they were washed out of 
the clay. Thirdly, in the laminated clay are found boulders of Magnes- 
ian limestone. There is no Magnesian limestone on the route of the 
Airedale glacier. But the escarpment of the Magnesian limestone 
tract lies a few miles to the east of Rothwell. We may imagine these 
boulders then to have been rafted by bergs of ice from the advancing 
glacier and thrown down here. 
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These facts convince me that the glacier in question was the Vale 
of York ice. Now, if this ice-front reached the spur between the Aire 
and Calder it must have obstructed whatever drainage of water ac- 
companied the glacier in Airedale. At the earliest stage these Airedale 
waters would throw down their coarsest detritus as scon as they 
entered Lake Humber—which they would do just at this spot at 
Rothwell. But as the ice-front became higher and higher on the 
Aire-Calder spur, the Aire waters would be obstructed and the lower 
part of the Aire valley formed into a lake. The coarser detritus would 
be thrown down by the waters immediately they reached this lake, 
and, though it cannot be demonstrated with certainty, it may very well 
be that the deposit at Newlay, which is of exactly the same type as 
that at Rothwell, but at a height of about 200-250 ft., belongs to this 
stage. But as the confluence of the Aire waters with the Airedale 
lake advanced farther and farther away up the valley, the sediments 
reaching Rothwell would become finer and finer, until at length the ice- 
tront itself covered the spot and brought the boulder clay. 


RELATIVE AGE OF THE DEposITs AT ROTHWELL HaiGH 
AND WoOODLESFORD. 


After what has been said above it need hardly be stated that a 
great interval of time must be represented between the period when 
the Rothwell gravels and clays were formed and that at which those at 
Woodlesford were deposited. The first was an early phase and the 
latter a somewhat late phase of the Glacial period. Indeed there is 
every evidence that as the glaciers retreated up the PennineValleys 
the great rush of melt waters would scour off the material laid down in 
deltas and as moraines upon the slopes of the valleys and spurs of the 
hills to redistribute it in the low ground, and especially to carry the 
fine material forward into Lake Humber, where it now forms the warp 


of the Vale of York. 


EXAMINATION OF VARIOUS LAMINATED CLAYS. 


With a view to throwing a little more light upon these widely 
spread clays I have examined a number from various parts of Yorkshire 
and Lancashire and, by the kindness of Prof. Leverett, from North 
America also. 


I find that they are all of the same general character, being com- 
posed of light and dark layers. The light layers invariably yield an 
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effervescence when treated with hydrochloric acid. They vary great- 
ly in the number of lamine to the inch, this being a function of their 
fineness. 


Clays from various localities were taken and, after being dried at 
100 deg. C. and finely powdered, were treated with cold dilute hy- 
drochloric acid, when the following results were obtained :— 


Percentage 
Insol. in HCl. 
Woodlesford ae © ey 89°5 
Rothwell Haigh a - 87°6 
Victoria Cave is ns ae 86°5 
Danby (Cleveland) a 3 83:4 
Robin Hood’s Bay a ie 82°2 
Brickfield, south east of York .,, 72°0 


A sample of lacustrine clay of glacial origin from Wisconsin, 
kindly forwarded to me by Prof. Leverett, gave 69°24 °4 insoluble 
in dilute hydrochloric acid. 


The presence of irregular masses of carbonate of lime, and also of 
rhombohedral crystals of calcite has already been mentioned. So 
that it would seem that calcium carbonate (if all the soluble portion be 
reckoned as such) is an important constituent of all these clays. It is 
probable that the waters of the lakes contained a large percentage of 
calcium carbonate in solution—for it need hardly be pointed out that 
limestone forms much of the area from which the ice came, and also 
that calcium carbonate is more soluble in cold water than in warm. It 
is probable also that much of this calcium carbonate in the clays was 
originally secreted from the lake waters by algze, of which no traces 
remain. 


The finding of the laminated clay in the washpools at Rothwell 
Haigh and Newlay suggested the experiment of washing the sands 
from these deposits in the laboratory and allowing the fine material to 
settle. It was found that the resulting fine material gave a deposit 
consisting of a lower lighter and an upper darker layer, for every 
separate wash. Working with boulder clay from Rothwell Haigh it 
was found that it yielded all the material of the sands and gravels as 
well as the laminated clay. The heavy minerals were also the same 
though monazite was not found in such abundance as in the sands. 
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Evidently then, the Vale of York ice, which I have shown probably 
~contributed the boulder clay, must have incorporated a large amount of 
material from the Millstone Grit, and the lesser quantity of monazite 
is quite in agreement with the fact that the Rough Rock was not so . 
important a contributor to the burden borne along by this Vale oi 
York ice, for the Rough Rock does not occur to the north, and it is 
the bed from which the greatest quantity of monazite has been obtained 
in my work upon the heavy minerals of the Millstone Grit. 


Here, then, is a direct connection between the three types of deposit 
which may be helpful in elucidating some of the problems of the 
distribution of such deposits over such an area as the Vale of York. 
For instance, if quantitative work along such lines were carried out 
for a number of boulder clays and morainic material, and the thickness 
and area of the laminated clay over the Vale of York ascertained, it 
seems to me it would be possible to obtain the volume of the original 
material which must have been redistributed in order to yield it. A 
microscopical examination of the upper laminated clay of Woodlesford 
shows that it consists very largely of rock flour, being, in fact, a very 
finely divided quartz mud, and it would thus seem to be due to the 
grinding of fresh rock in Glacial times rather than to the old soils, 
residual earths and clayey material resulsing from subaerial decay of 
the rock in pre-Glacial times. In the lower laminated clay at Woodles- 
ford there is not so much rock flour and more clayey material, and 
doubtless differences of this kind would be found in whatever clays were 
examined, resulting from a sorting of the finer clay particles from the 
rock flour the further the area of deposition may be from the source 


of supply. 
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CORRELATION AND FACIES OF THE UPPER AND MIDDLE OOLITES 


IN ENGLAND AND NORTH-WEST FRANCE. 


BY M. ODLING, M.A., B.SC. (OXON.), F.G.S. 
(Read November 18th, 1914.) 


The Jurassic, probably better than any other System, emphasizes 
the fact of a gradual transition of one series into another by means of 
passage beds, represented locally by uncontormities,* and in spite of 
numerous local facies, the general sequence may be readily followed. 


The beds dealt with in this paper comprise a well-marked group of 
clays, sandstones and limestones, the “ Tripartite Series ” of Phillips,t 
commencing with the Cornbrash at the base and terminating with the 
Purbeck Beds at the top. 


These beds have been very fully dealt with, not only in the Memoirs 
of the Geological Survey, but also in numerous individual papers by 
Messrs. Blake, Hudleston and, more recently, Morley Davies.t 


In spite, however, of the attention that these beds have most 
deservedly received, there appears to be no readily accessible paper in 
which their general correlation can be found§. At Prof. Kendall’s 
suggestion, therefore, | am venturing to attempt to supply this want. 

Perhaps the most remarkable feature of the whole series is the 
inclusion at various horizons of arenaceous and calcareous facies in 
what is as a general rule an argillaceous series of beds. As has been 
pointed out by Blake, Hudleston and others, these beds are to be re- 
garded as purely accidental, and the fauna is in every case transitional, 
the apparent sharp paleontological breaks being due to environment — 
rather than to an actual change in a fauna by the extinction of a pre- 
vious one. We thus find, as we should expect, repetitions of fauna, 
which render exact correlation extremely difficult. More especially is 


* A recent school of geologists would probably prefer the term — 
*“non-sequences,”’ since the unconformity is only recognizable by the 
absence of beds, not by a marked change in dip. 

{ Geology of Oxford, p. 392. 

t See Bibliography at the end. 

§ A correlation of the English and Weymouth sequence is given by 
Pellat, Proc. Geol. Assoc., Voi. IV., p. 20. 
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this noticeable in the Supra-Corallian beds in the Weymouth districts 
where the alternation of Corallian and Kimeridgean faunas is well 
marked. Before the beds were examined by Dr. Hans Salfeld* in 
reference to Ammonite zones, the Abbotsbury Iron Ore, for instance, 
was always considered as the highest bed of the Corallian ; it is now 
seen, however, that this bed occurs high up in the Kimeridge Clay, 
and that the Corallian facies of its fauna is due to local conditions. 


In this country the term “Corallian ”’ is of such stratigraphical 
importance that its abolition would be most undesirable, yet when 
dealing with an area of Continental magnitude its abolition has much 
to recommend it. Similarly, as Dr. Strahan remarks,+ the terms 
“ Oxfordian,” ‘“‘ Kimeridgian” and “ Portlandian,” associated as 
they are with definite districts, convey to us a very definite meaning, 
but they have been adopted in quite a distinct sense on the 
Continent. For this reason the terms ‘“ Upper” and “ Middle 
Oolites,” though inappropriate to argillaceous deposits, would be far 
more desirable. 

The zones generally recognised in this country may be seen in 
Plate XXVIII. and are for the most part generally recognizable over 
the country ; the zones, suggested by Dr. Salfeld,t which are based en- 
tirely on Ammonites, are of considerable paleontological interest, but 
the unfamiliarity to British geologists of a number of the zonal indices 
and the adoption of a number of new genera and species render it very 
difficult to correlate his zones with those more generally known. A 
zonal table based on other groups—as has been done by the late 
Dr. Vaughan in the Avonian—placed at the side would have con- 
siderably increased the value of Dr. Salfeld’s paper. 


Shortly before his death, Blake commenced a monograph on the 
Fauna of the Cornbrash,§ with a view to shewing that it was more 
intimately linked with the beds above than with the beds below; 
unfortunately, owing to his untimely death, the part dealing with the 
Pelecypods, on which most of his conclusions were based, was never 


published. 


* Quart. Journ. Geol. Soc., Vol. LXIX., p. 423 et seq. 

ft Quart. Journ. Geol. Soc., Vol. LXIX., p. 432. 

t Ibid., p. 423 et seq. See also fig. 2. 

§ Paleonto]. Soc. Monograph, Fauna of the Cornbrash. 
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From my own field observations, extending over several years, at 
numerous points along the outcrop from Weymouth to Peterborough, 
I cannot help feeling that his views are fully upheld on purely strati- 
graphical considerations, and that the Cornbrash represents a period 
of great transgression, more often than not resting unconformably on 
the beds below. The classification is thus more readily brought into 
line with that of Continental geologists, who group the Cornbrash 
with the Kellaways under the general term of Callovien. 


Starting therefore with the Cornbrash as a datum line, it is the ob- 
ject of this paper to point out the sequence in various districts and their 
correlation, paying special attention to passage beds. 


In the neighbourhood of Weymouth there occurs in a comparatively 
small area a most complete sequence from the base of the Cornbrash 
into the Cretaceous. Here, also, the sequence is rendered very com- 
plete by the inclusion of numerous passage beds, so that this becomes 
a most suitable sequence with which to compare the beds in other areas. 


On the shores of “ The Fleet,” near Langton Herring, the Corn- 
brash rests on beds usually classed as Forest Marble, but which may, 
to a large extent at all events, include the Middle Fullonian—true 
Great Oolite being apparently absent. 


Succeeding the Cornbrash is a small thickness of sandy clay, the 
Kellaways Beds, which are best exposed at low water at -Furzey Cliff 
(the ‘“‘ Ham Cliff” of old writers), just east of Weymouth. These form 
a complete transition from the Cornbrash into the purely argillaceous 
Oxford Clay above. 


Between the Oxford Clay and the Calcareous Grits there occurs 
a series of passage beds with an admixture of Corallian and Oxfordian 
forms. These passage beds, consisting of the Nothe Grits, with the 
Nothe Clay above, are best seen just west of Nothe Point, the promon- 
tory constituting the western side of Weymouth Harbour; they also 
occur at the base of Bencliff, east of Furzey Cliff, but are here almost 
entirely hidden by the talus from the overlying Calcareous Grits, the 
Bencliff Grits. Ignoring the faulting, which is as a rule only slight, 
the south-easterly dip continually brings in newer beds, so that 
between Furzey Cliff and White Nab an almost complete sequence of 
Middle and Upper Oolites may be studied. 
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Above the Benclifi Grits, and passing up from them, occurs the 
Upper Corallian, consisting of the Osmington Oolite and Trigonia Beds. 
Further inland a true Coral Rag facies—.e., a facies replete with numer- 
ous corals such as Isastrea, Thamnastrea and Thecosmilia occurs, but 
this facies does not appear to exist in the coastal sections, except in the 
Supra Corallian of Ringstead Bay as stated below. 


Succeeding the T'rigonia Beds there occurs a series of remarkable 
passage beds from the Corallian into the Kimeridge Clay, consisting 
of sandstones and sandy limestones alternating with clays, the hard 
beds having a Corallian fauna, whilst the intervening clays are full of 
specimens of Ostrea deltoidea, a typical Lower Kimeridge form. 
These passage beds are best seen in the cliff section near Sandsfoot 
Castle, west of Weymouth, but the uppermost two beds only occur in 
Ringstead Bay, east of Weymouth, and the highest Corallian facies, 
the Abbotsbury [von Ore in the neighbourhood of Abbotsbury is well 
up in the Kimeridge Clay as mentioned above. The struggle for 
existence of the two facies (Corallian and Kimeridgian) is so remark- 
able that it seems desirable to record the complete sequence here. It 
is to be noticed that although Ostrea deltoidea occurs in the arenaceous 
beds, it is almost the only fossil in the clays, especially in the base where 
the lowest specimens are attached to the sandstones. To this series 
Hudleston has aptly given the name of Supra-Corallian, which includes 
the Kimeridge Grit of Damon. 


SECTION OF SUPRA-CORALLIAN IN THE WEYMOUTH DISTRICT 
(EXCLUDING THE ABBOTSBURY IRON ORE). 


6.—Gritty Limestone (Kimeridge Guiit of Damon), with 


Thamnastreea, Thecosmilia, Stylina, Exogyra nana, 
Ctenostreon prcboscideum, Cidaris florigemma, etc. 


Upper 
Coral 
Rag 


qi 
2 se | 5.—Blue Clay with Ostrea deltoidea. 
& | 9:64 4.—Ferruginous sands with Ostrea deltoidea and Ctenos- 
rr gg treon proboscideum. 
= 3.—Blue Clay with Ostrea deltoidea. 
- 3 2 PS 2.—Ferruginous sandstone with Ostrea deltoidea, Pecten 
3 AO | vagans, Pecten episcopalis. 
1.—Blue Clay with Ostrea deltoidea and A:tarte sp. 


Corallian Trijcn:a Beds. 
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The Kimeridge Clay, which succeeds, calls for no special note. 
The village of Kimeridge, from which it takes its name, being in the 
immediate neighbourhood, the sections are the type sections. The 
general succession will be most readily seen by refercnce to Plate 
XXIX., which shows the correlation between the Weymouth and 
Boulonnais districts. 


At the top of the Kimeridge Clay, and insensibly passing up from 
it, come the Portland Sands, capped by Portland Stone, forming the 
Lower and Upper Portlandian of the district. The separation, though 
purely lithological and probably not occurring at a constant horizon, 
is valuable for mapping purposes. Above come the Purbeck Beds, a 
ceries of land, freshwater and estuarine beds, which seem to link the 
Jurassic with the Cretaceous. All these last beds are best studied in 
the Isle of Portland, with the exception of the Portland Sands, which 
are more accessible at Ringstead Bay. 


Turning now to the Oxford district—with which is included 
not only the immediate vicinity of Oxford, but also some of the more 
easterly outcrops—we find many marked differences. The thicknesses 
of the beds have all enormously decreased. 


Starting with the Cornbrash, we find that a lower horizon has come 
in, marked by an abundance of Terebratula intermedia. Of the Kella- — 
ways Beds there appears to be no definite representation, unless certain 
somewhat sandy beds at the base of the Oxford Clay in part represent 
them. The junction of the Calcareous Grits with the Oxford Clay is 
nowhere accessible, but the information afforded by well-borings, etc., — 
gives no suggestion of alterations of clay and sandstones representing 
the Nothe Grits and Nothe Clays of the Weymouth district. 


The Corallian in the neighbourhood of Oxford is usually divided 
into an Upper, or Coral Rag, and a Lower or Calcareous Grits. This 
classification, though useful tor mapping purposes, is unfortunate since 
the base of the Upper Corallian is thus often included in the Calcareous — 
Grits. The junction between the Upper and Lower Corallian is re- 
presented by a band characterized by a mixture of Lower and Upper 
Corallian forms, and containing numerous pebbles, chiefly of chert, 
quartz and jaspedeous cherts. Passing eastwards from the neighbour- — 
hood of Oxford the Corallian, with a total thickness of about 100 feet, 
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undergoes remarkable changes. In the region round Studley and 
Arngrove we find a local facies of Lower Corallian in the form of a 
“ chert ” largely composed of the spicules of a sponge ( Rhazella) which 
is also common in the Lower Calcareous Grits of Yorkshire. This 
facies has been named the Rhazella Chert or Arngrove Stone by Dr. A. 
Morley Davies,* and appears to occur at the base of the Calcareous 
Grits in this region only.f 

The Upper Corallian is for the most part represented by “ Coral 
Rag,” usually resting on sandy beds with a pebble bed below, but on 
tracing it to the east of Oxford, we find rapid changes. At Stowood, 
Headington and Shotover, and to the west of this line, typical coral 
reef material exists, but to the east it is not seen in any of the quarries. 
Near Woodperry, Stanton St. John and Wheatley, the rock consists 
of detrital calcareous material with few perfect fossils; at Lye Hill 
a few beds of clay appear, and east of this the calcareous facies rapidly 
gives place to an argillaceous facies, the Ampthill Clay. 


The only exposure at present showing the junction of the Kim- 
eridge Clay with the underlying Corallian occurs on Shotover ; here, 
in contrast to the Weymouth district, there is a sharp break between 
the two, the clay resting on an eroded water-worn surface of the 
limestone, all the Supra-Corallian of Weymouth being absent. 


The junction of the Kimeridge with the Portland is usually 
hidden by slips, but wherever the uppermost beds are exposed, the 
Kimeridge Clay becomes somewhat arenaceous, showing a transition 
into the Portland sands above. ‘This is especially the case in the 
Culham brickyard, where the mammulatus beds of the Gault rest directly 
on the Kimeridge Clay; these uppermost beds of the Kimeridge 
Clay may, however, be of Hartwell Clay age. 


In this district, the Portland series is largely arenaceous, but 
locally the upper beds are sufficiently cemented with calcareous 
material to form a “roach,” the Trigonia “‘ roach ’”’ bed of Portland, 
for instance, being readily recognizable at Wheatley. 


Locally there occurs a well marked pebble bed of lydites and 
phosphatized bones separating the Upper Portland from the Lower 


* Quart. Journ. Geol. Soc., Vol. LXIII., 1907, pp. 37, 38. 


+ The Lower Calcareous Grits of Filey Brig also contain an abun- 
dance of spicules of Rhazella. 
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Portland.* Blake remarks that this does not occur at a constant 
horizon, but H. B. Woodward? considers that the evidence of Blake’s 
lists of fossils dees not uphold this conclusion, and considers that such 
a marked lithological break extending overa large area is most likely to 
occur ata constant horizon. The beds of this age have been described 


in some detail by Dr. A. Morley Davies, who also appears to agree with 
Woodward.t 


On tracing this series eastwards it 1s found that the Lower Portland 
becomes more argillaceous, finally passing into the Hartwell Clay in 
the neighbourhood of Aylesbury, while to the south-west it is represented 
by the Swindon Clay. This, the Hartwell and Swindon Clay, appears 
to include some of the upper beds of the Kimeridge Clay as well as 
the Lower Portland, and constitutes a facies of its own. A similar 
condition is found in the Boulonnais. 


In the neighbourhood of Wheatley and Brill sandy and marly 
beds have been described by Fitton§ as being of Purbeck age, and this 
identification has been verified by Morley Davies. The Purbeck on 
Shotover, however, does not appear to have been rediscovered. || 


In the neighbourhoed of Upware, near Cambridge, the occurrence 
of Upper Corallian in the form of a true Coral Rag is remarkable, 
occurring as it does as an apparently isolated patch. Below comes the 
Ampthill Clay with Elsworth Rock at the base, resting on Oxford Clay. 


In Lincolnshire we find the Kimeridge Clay well developed at 
Market Rasen, while the Portland and Purbeck may in part be re- 
presented by the Spilsby Sandstone, which is considered to be equivalent 
to the Belemnites lateralis Beds of Speeton.** 


Of the Yorkshire or North Country district, the valuable memoir 
by Fox Strangwaystt renders certain facts quite clear. First, the 


* Dr. Salfeld places the Lydite pebble bed of Swindon in the middle 
of the Lower Portland, as recognized in England, zone of P. eastlecot- 
tensis. Quart. Journ. Geolog. Soc., Vol. LXIX., p. 424. 

t Geolog. Survey Memoir, Jurassic Rocks of Britain, Vol. V. 

t Proc. Geol. Assoc., Vol. XVI., p. 25. 

§ Observation on Strata between the Chalk and the Oxford Ooliies. 

|| Proc. Geol. Assoc., Vol. XVI1., p. 38 et seq. 

** Lamplugh, Quart. Journ. Geol, Soc., Vol. XLV., pp. 575-615. 

+t Geol. Survey Memoir, Jurassic Rocks of Great Britain. Vol. I. 
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Cornbrash passes into the Kellaways, and often its exact Junction cannot 
be defined ; thus further showing the affinity of the Cornbrash to the 
Middle rather than to the Lower Oolites. Secondly, the Kellaways 
often becomes locally of great importance, sometimes entirely replacing 
the Oxford Clay. Of this fact more will be said later. Thirdly, we 
find a bed of Oolite, the Hambleton Oolite, capped by calcareous grits 
separating the Lower Calcareous Grits from the Upper Corallian. 
Fourthly, Supra-Corallian beds occur, represented by the Upper 
Caleareous Grits. Fifthly, no Portland or higher Jurassic beds are 
definitely recognizable, except possibly at Speeton. 


Taking these beds seriatim, we begin with the Cornbrash, which, 
in Yorkshire, probably represents only the uppermost beds of the 
southern counties.* That it is homologous to the south country Corn- 
brash is fairly clear, but it was probably deposited in an area cut off 
from the main mass by some land barrier. Petrologically and 
paleontologically the two types differ considerably, and a geologist 
from the South of England might well be excused in not at first sight 
recognizing the Yorkshire beds as Cornbrash. The succeeding beds, 
the Kellaways into which the Cornbrash merges, are of very special 
interest. The lower beds—for instance, those exposed round South 
Cave—are evidently true Kellaways, characterized by the abundance 
of specimens of Kepplerites calloviense, but the greater part of the Kella- 
ways to the North of the Vale of Pickering—+.e., round Roulston Scar 
—appear to be of a different age. Not only does it represent an 
arenaceous facies of the Oxford Clay, but it may in part locally 
represent Lower Corallian, and even the base of the Upper Corallian, 
since among other fossils Fox-Strangways mentions Perisphinctes 
plicatilis, the zone-fossil of the’ Upper Corallian. 


The diagram (p. 280) indicates the general relationship of these 
interesting beds.+ 


To this replacement of Oxford Clay by Kellaways Beds is due the 
success of an artesian borehole sunk at Oswaldkirk, near Gilling, on 
the suggestion of Prof. Kendall. Here the thickness of Oxford Clay 


* Buckman, 8.8., Proc. Yorks. Geol. Soc., Vol. XVII., p. 191. 


_} Reference should also be made to Jurassic Rocks of Britain, 
Fart 1., Plate 5. 
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between the Coraliian and the Kellaways is greater than anywhere 
else recorded in Yorkshire. This, however, is partly due to the high 
dip towards the fault near to which the borehole les. 


We thus see that in Yorkshire we have two distinct types under one 
name. The Lower or true Kellaways is comparable with that of the 
South, and, together with the Cornbrash, is approximately equivalent 
to the Callovien of Continental geologists. The Upper, to which the 
term ‘‘ Pseudo-Kellaways ’’ may be given, is of more recent date and 
is only an arenaceous and ferruginous facies of Oxford Clay and some- 
times of even higher beds. 


The Corallian calls for little special notice, the inclusion of an 
additional bed of calcareous grit and oolite (the Middle Calcareous 
Grits and Hambleton Oolite) above the Lower Calcareous Grits, 
appears to be peculiar to Yorkshire, whilst the Corallian Oolite may be 
represented in the South by minor bands of marl and thin oolitic lime- 
stones. 


Of the Kimeridge Clay little is known. Forming as it does the 
floor of the Vale of Pickering, which is bounded to the north and south 
by fault scarps, it is almost entirely concealed by beds of glacial origin. 


In the neighbourhood of Speeton there occurs a remarkable 
series of argillaceous beds, the Speeton Clay, showing a complete 
transition from the Jurassic into the Gault. The interest specially 
centres in the zone of Belemnites lateralis, below which lies undoubted 
Kimeridge Clay and above which is undoubted Neocomian. This 
zone contains a mixed fauna, some of the forms being certainly 
Neocomian, while others are claimed as being of Portland and Purbeck 
age. By some, these latter are claimed to be derived, but Lamplugh 
and Pavlow* appear to consider them to belong strictly to the beds 
in which they are found. Whichever view is adopted, there appears 
to be no doubt that beds of Portlandian age were deposited either in 
this district or very near to it; personally I should be inclined to 
consider them as an extreme form of passage beds. 


In Scotland, the only comparatively complete sequence is to be 
found on the east coast, in Sutherlandshire. The most noteworthy 
points are the apparent absence of Upper Corallian and the admixture 
of Upper and Lower Kimeridge forms together with cycads, etc. 


* Quart. Journ. Geol. Soc., Vol. XLV., pp. 590 & 609 et seq. 
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On crossing the Channel to Boulogne, a very complete series of 
rocks from the Cornbrash into the Wealden may be examined in the 
coastal sections. Here the facies is for the most part argillaceous, 
except in the Corallian facies which is purely local. The limestones 
appear to be always argillaceous. Sandstones occur intercalated with 
the argillaceous deposits, and are for the most part neither constant 
over any large area nor restricted to definite horizons, as is the case 
with the Calcareous Grits and Portland Sands of this country. 


The most noticeable stratigraphical break in the series occurs 
about the centre of the Portlandien Inferieur with the Trigoma pellati 


Conglomerate, which is certainly below the uppermost beds of our 
English Kimeridge Clay.* 


The lower beds of the Astartien, with possibly the upper part of 
the Argovien, may be roughly paralleled with the British Supra- 
Corallian, to which series they bear certain affinities. The conditions, 


however, under which they were deposited were apparently more 
Kimeridgean. 


The limestones composed almost entirely of Exogyra virgula form 
the most noticeable feature in the whole series. It is significant that 
this fossil flashes into prominence (in the zones of Ammonites orthoceras 
and A. calentanum) and then suddenly dies out, as in this country. 
The Pterocera oceani fauna appears to be unrepresented in Britain. 


The true Portland Series include a Hartwell Clay facies, and an 
Upper Portland facies somewhat resembling that in the Oxford District 
capped by similar Purbeck Beds. 


The resemblance between the two districts is further accentuated 
by the capping of ferruginous sands of Wealden age of a similar type 
to the Shotover Iron Sands. The complete sequence will be found 
by reference to Plate XXIX. 


SUMMARY. 


The whole of the Middle and Upper Oolites form one natural group 
normally without any sharp break between the various members. 


* T. pellati is often recorded from the Portland of this country ; if 
this is identical with French species we have a further case of the same 
fossil occurring at different horizons in different areas. 


Sen I a a ee te 
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Where such a break occurs, the higher beds rest either on a pebble bed 
or on an eroded surface of the underlying bed. The purely local 
faunas such as that of the Astartien, Pterocerien and Hartwell Clay 
are due entirely to local conditions, and are no more than the fossil 
equivalents of the local faunas that may be found to-day on the sea- 
floor. 


When free-swimming animals, such as Ammonites, are taken as 
zonal indices instead of the more sedentary types such as oysters and 
schinoderms, it is seen that the general stratigraphical terms such as 
Coral Rag, Calcareous Grit, Kellaways Beds, etc., are of no more than 
local value, and that the occurrence of a similar lithological and 
paleontological group in two districts need not by any means mean 
contemporaneity in deposition, but is due to purely local conditions, 


At the same time, correlation by Ammonites must not be carried 
to anextreme. The absence of a particular Ammonite need not neces- 
sarily mean the non-deposition or contemporaneous erosion of beds 
of this particular age, but merely that this form was not so rapidly 
distributed. The fact that absolute repetition of Ammonites does not 
appear to occur, whereas their-more sedentary associates frequently are 
repeated at different horizons, is suggestive and tends to place more 
faith in their value for purposes of correlation. 


When considering the Jurassic Series over large areas the fact of 
there being in reality only two great breaks in the Series—the Bathonian 
Transgression and the Callovien Transgression—is forced. upon one, 
and the desirability of a regrouping of the series without reference to 
such terms as Portlandian, Kimeridgean, etc., names that can only be 
associated with local areas, becomes obvious. 


Should this be adopted, we should then have the following general 
groups :— 
{All below the Wealden down to and including 


Upper JURASSIC 
z the Cornbrash. 


All below the Cornbrash down to and including 


MIDDLE Foxes ; : 
the zone of Parkinsonia parkinsone. 


All below the zone of Parkinsonia parkinsont 


| 
Lower Jurassic 
down to and including the Rhetic. 
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APPENDIX I. 
ON AN ARTESIAN WELL AT OSWALDKIRK. 


BY PERCY FRY KENDALL, M.SC., F.G.S. 


A boring was put down under my direction near the village of 
Oswaldkirk, in 1912-13, in the expectation that the “ Kellaways Rock ” 
would be found beneath a cover of Oxford Clay and that, as its outcrop 
near Wass and Kilburn is at high level, water would be obtained under 


an artesian pressure. 


The site chosen was on the north side of the high road from 
Ampleforth to Oswaldkirk, at the foot of a lofty escarpment of Corallan 
rocks, and within a few yards of the northern fault of the Coxwold- 
Gilling trough. The ground falls somewhat steeply from the site to 
the little Syke Beck, which gives good exposures of Kimmeridge 
Clay. At Oswaldkirk Hall there is a well 35 ft. deep which; by the 
description given in the Geol. Survey Memoirs, may be in Kimmeridge 
Clay ; another at the opposite end of the village is 50 ft. deep. 


The section (Plate XX XI.), drawn roughly to scale, shows the suc- 
cession of strata encountered. Down toa depth of 178 feet a good deal 
of water was met with at intervals, but all ran away into the numerous 
fissures—some a foot wide—that were found to exist in the rocks. The 
base of the Corallian was at 180 feet, and until the boring had reached 
178 feet, water had to be provided for the lubrication of the boring tool. 
It is a very remarkable circumstance that all this water, as well as that 
yielded by the strata pierced, ran away at 178 feet, for the level of the 
ground, which is about 330 O.D.at the well-head, does not descend to 
an equivalent level (330—178=152 ft.) for a considerable distance. 


When the Oxford Clay was pierced at 308 ft., water rose with 
considerable violence, and overflowed near the ground-level at the rate 
of about 200,000 gallons per diem. The pressure was estimated to be 
sufficient to raise the column of water 92 feet above the ground level. 
Several months elapsed before the requisite valves and other machinery 
could be fixed in position to bring the water under control, and some 
apprehension was felt that the hydrostatic pressure would “run its head 
off,” but I pointed out that not only does the ‘“‘ Kellaways Rock ” 
provide an enormous reservoir that it would take many years to de- 


se barrage yy 
My ity bd 


igan, 


[Albert Gill 


[ 


Photo] 


rk. 


ki 


rtesian Well at Oswald 


A 


Plate XXX. 


Vol. XIX., 


. Soc. 


Geol 


"Se 


Proc. York 


"e page 284. 


a 


To f 


OSWALDKIRKIKK BORING. 


Professor Kendall’s interpretation of samples. 


1 Soil and Sandstone ... 
Clay 
3 Limestone and Sandstone ... 


tw 
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plete, apart from the renewal of the supply by the absorption of 
rainfall, but, at Roulston, a large area of “‘ Kellaways”’ is in contact 
with the very porous Corallian, which would consequently act as a 
catchment for maintenance of the supply. 


The Oxford Clay brought up from the borehole yielded to Mr. 
Odling’s scrutiny fossils of Oxfordian type. 


APPENDIX II. 


NOTE ON THE STRATIGRAPHY OF ROULSTON SCAR. 


BY M. ODLING, M.A., B.SC., F.G.S. 


A short visit to Roulston Scar in December, 1917, yielded the 
following information :— 


(1) Towards the northern end of the Scar the break between the 
Calcareous Grits and the underlying Kellaways is sharply defined ; 
the Corallian consisting of a fine-grained non-ferruginous grit contrasting 
with the ochre-coloured Kellaways. Towards the southern end, 
however, this junction is not so readily seen, the lower beds of the 
Calcareous Grits being largely ferruginous. 


(2) The top of the Kellaways appears to be everywhere marked 
by a bed consisting largely of rolled fragments of Belemnites together 
with smaller nodules; the nature of this deposit forcibly calling to 
mind the two beds of rolled fossils and phosphatic nodules in the Gault 
and pointing to pene-contemporaneous erosion. 


(3) The general section below the Calcareous Grits is approximately 
as follows :— 


Ferruginous sandstone, shrly in parts, crowded with water-worn 
fragments of Belemnites, apparently belonging to the following species : 
B. abbreviatus and B. oweni, 4 to 6 inches; ferruginous sandstone, 
unfossiliferous, about 1 foot; ferruginous sandstone, fossils 
abundant but very badly preserved, Trigonia allied to T. clavellata, 
Pecten inaequicostatus and P. demissus, Hinnites sp. together with a 
few fragments of belemnites and unrecognisable fossils, about 10 inches. 


[From apparently the same bed at the southern end of the Scar 
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two species of ammonites were obtained ; these were sent to Mr. 
S. 8S. Buckman, who wrote— 


“ Roughly speaking your Amm. show a Macrocephalites indicat~ 
ing top of the Cornbrash (macrocephalus zone, base of the Callovian) 
and something of Zuendstedoceras style, indicating Callovian, I 
should expect not later than ornatum zone—which is called Kellaways 
rock in Yorkshire.’’] 


Ferruginous sandstone with many Gryphaeas, including G. bilobata 
and forms resembling G. dilatata, about 1 foot. 


The fossil evidence therefore is very unsatisfactory, although 
according to the Geological Survey, there is about 40 feet of Kellaways 
below this, in one bed of rock two ammonites are found less than three 
feet apart, on point ng to the top of the Cornbrash or base of the 
Kellswaya, the other to about the lower part of the middle Oxford 


Clay of the south of England; below this come Gryphaeas chewing 
affmities both to the Oxford Clay and also to the Kellaways, and at 
the top Pectens of species which occur in the Kellaways, below the 
Oxford Clay at Scarborough. 


Of the ammonites mentioned by Fox-Strangways from the Kella- 
ways marking higher beds in the Oxford Clay, and even in, the Corallian, 
not traces could be found. Much careful collecting, therefore, remains 
to be done before the true relations of the series exhibited at Roulston 
Scar to the section, provde at Oswaldkirk can, be made out. 


The topmost bed of the Kellaways contaniing rolled Belemnites 
may have been deposited contemporaneously with the clay of Oswald- 
kirk, Roulston Scar being at this period an area of non-deposition, 
or even of contemporaneous erosion, the only forms representing this 
period capable of withstanding the scouring without being entirely 
comminuted being the Belemnites. Against this, however, must be 
taken the fact that the Kellaways does not exhibit the characteristics 
of a shallow water deposit, false bedding, for instance, being apparei.tly 
absent. 
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StrRaANGWAyYS, C. Fox., Jurassic Rocks of Britain (Vol. I.—Yorkshire). 
Memoir Geol. Survey. 


Woopwarp, H. B., Jurassic Rocks of Britain (Vol. V.—Middle and 
Upper Oolites). Memoir Geol. Survey. 
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THE LOWER PERMIAN AT ASHFIELD BRICK AND TILE WORKS, 
CONISBOROUGH. 


BY ALBERT GILLIGAN, M.Sc. (Leeds), B.Sc. (Wales), F.G.s. 
(Read November 25th, 1915.) 


This section has long been under observation by Yorkshire geol- 
ogists, but no detailed record has hitherto been given of the Lower 
Permian beds as exposed here within the last few years. The chief 
interest has been centred upon the Upper Coal Measures upon which 
the Permian rests, beds which have yielded a rich harvest of fossil-plants. 
The top-most bed of the Coal Measures is a fine-grained micaceous 
sandstone deeply stained with hematite. The surface of this sandstone 
is undulating, and in the hollows are found deposits of Permian age, 
consisting of conglomeratic material. The largest pebbles in this 
conglomerate are in general not more than an inch in diameter, but 
during a visit to the section in September, 1915, some large boulders 
up to eighteen inches in diameter, were found, which had been taken 
out of the conglomerate by the workmen. These boulders consisted 
of sandstone, identical with the underlying Coal Measure sandstone, 
and a dense siliceous sandstone also possibly a Coal Measure tyre. 


Intercalated with this conglomerate are beds of fine sand, which 
sand is in all respects, except colour, like the sand which occurs 
in similar stratigraphical positions along the edge of the Permian 
escarpment from North-east Durham to Yorkshire. As the section 
shows, this lowest bed is in its thickest part about 5 ft. 6 ins., but in a 
distance of 15 ft., it has thinned away to 15 ins. of fine sand with very 
few pebbles. Resting upon this bed and traceable right through the 
quarry is a bed of chocolate-coloured marl, the junction with the 
conglomerate being quite sharp. From this bed I obtained, some years 
ago, casts of Schizodus and these appear to be the only fossils present 
in the beds below the massive Magnesian limestone. The chocolate 
marl is succeeded by other thin bedded grey and brown marls, with 
some of which ( as in beds E and H in section) are intercalated bands 
of buff-coloured limestones. 


It will be noted from the chemical analyses given in the appendix 
that the intercalated limestones are highly dolomitised, while the 
insoluble residue in all the marls is very high, the kaolin reaching 
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38:58 per cent. in bed J, which is immediately below the massive 
Magnesian limestone. 


These beds correspond, of course, in position with the Marl Slates 
of Durham, but have not yielded the fish fauna of those beds. 


PETROLOGY OF THE CONGLOMERATE AND ASSOCIATED SANDS. 


Among the pebbles the following have been noted :—sandstone, 
quartz, clay ironstone, hematite, chert and pink felspar. The material 
is not at all well compacted, but layers occur sufficiently indurated to 
yield sections for the microscope, and several have been made and 
examined with the following results. 


The grains of hard material are all exceedingly well rounded, 
while the softer materials are somewhat flattened. The dominant 
constituent is quartz, the grains of which are chiefly of the complex 
type. Some of them show an extreme degree of mylonitisation, while 
others have “crenulate”’ and “mortar structure’ well developed. 
Many grains of sandstone are present which are evidently from the 
under-lying rock. Chert-grains are numerous, but show no traces ot 
organisms. lLimonite and hematite are also common. 


9? 


Felspar, other than microcline, is rather rare in the fresh condition, 
while muscovite is present in somewhat large flakes. A few pieces of 
micro-pegmatite have been noted, having in two cases lath-shaped 
felspars associated with and penetrating the grain. The matrix is 
chiefly calcite. 


Heavy MINERALS IN THE SANDS. 


These were separated by means of a Sollas bottle and Theulet’s 
Solution :— 


Cubic.—Garnet, Magnetite, Fluorspar. 

Tetragonal.—Zircon, Rutile, Anatase, Xenotime. 

Rhombohedral.—Ilmenite, Hematite, Limonite, Tourmaline, Apa- 
tite. 

Orthorhombice.—Staurolite. 

Monoclinic.—Biotite, Chlorite, Epidote, Monazite. 

Triclinic.—None. 


SECTION OF LOWER PERMIAN EXPOSED IN THE 
ASHFIELD BRICK WORKS, CONISBOROUGH, Sept. 29th, 1915. 


* 


Soil Drift 6 Subsoil. 


8 ft. Well bedded marl with blocks of limestone. 
Probably a solution phenomenon, 


2 ft. Massive cavernous Lower Magnesian 
Limestone and Bakewellia antiqua. 


2 ft. 3 in. Red and grey marl. 


1 ft. 4 in. Stiff marl (fairly well bedded). 


4ft. 3ins. Thin bedded limestones with 
red and grey marls. 


2 ins. Grey marl. 

2 ins. Red marl (fine bedded). 

1 ft. 5ins. Buff limestones with thin bands of 
marl intercalated. . 

83 ins. Brown marl. 


7 ins. Dark grey marl. 


8 in. Chocolate red marl. (Passing up, grey at 
junction with bed below. 


5 ft. 6in. Breccia with fairly persistent beds 
of sands about 24 ins. thick; beds of fine 
sand at the top with only small vebbles ; 
base obscured. the whole replaced by 15 ins. 
of sand with few pebbles to the west. 


wmaomne 


UPPER COAL 
MEASURES 
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In decreasing order of abundance these minerals would appear 
thus :—hematite, limonite, ilmenite, garnet, magnetite, zircon, tourma- 
line, rutile, staurolite. Only a few grains have been noted of the 
following :—fluorspar, xenotime, apatite, epidote and chlorite, while 
only one undoubted grain of monazite has been seen. 


The heavy residue also contains a number of rounded grains with 
aggregate polarisation tints of the high orders. They possibly represent 
some altered mineral, and consist now chiefly of micaceous material, 
but they are never found in association with any other mineral so 
that their origin is obscure. 


It is interesting to note that Mr. R. C. Burton found that the dom- 
inant heavy minerals of the Yellow Sands at the base of the Permian 
of Durham were :—garnet, zircon, rutile and tourmaline, while the 
sands also contained felspar and mica.* 


Garnet.—This is a very abundant mineral, the grains being usually 
rounded or irregular with no crystal outline. In colour they vary 
from a deep red, through pink to colourless. Frequently they contain 
inclusions. The dodecahedral cleavage is well developed upon the 
surface of some of the grains, giving a zigzag appearance. 


Magnetite.-—A large number of rounded grains of this mineral are 
present, the crystal form of the octahedra being rarely seen. 


Fluorspar.—A few isotropic grains showing the octahedral cleavage 
characteristic of this mineral occur, and its low refraction compared 
with garnet is very noticeable. 


Zircon.—Excluding the iron ores, the greater part of the heavy 
residue consists of garnet and zircon. A fairly high percentage show 
a sharp crystal outline consisting of prism and simple pyramid. Others 
are rounded at the termination, due possibly to having had originally 
a number of pyramid faces developed. Zonal structure is common, 
especially in the short and stout prismatic forms. Inclusions also are 
numerous, usually arranged parallel to crystal faces. As is usual in 
the case of zircons occurring in detrital deposits the birefringence is 
very high. 

* Note by Dr. Woolacott to his paper on The Geology of N.E. 


Durham and S.E. Northumberland.—Proc. Geol. Assoc. Vol. XXIV. 
pt. 2, p. 93. 
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Rutile—Present in relatively small quantity, compared with 
garnet and zircon. Usually it occurs as prismatic needles, pyramidal 
faces being extremely rare, while rounded grains are common. The 
colour varies from deep yellow to brownish red. No case of twinning 
has been noted. 


Anatase.—Separate grains do not occur, but it is often associated 
with ilmenite and leucoxene. 


Xenotume.—The clouded and purple crystals similar in other 
respects to zircon have been referred to this mineral. 


Ilmenite.—This is a common constituent. Very frequently it is 
enveloped in the white alteration product leucoxene with outgrowths 
of anatase. It is more abundant than magnetite. 


Hematite—Rounded grains of bright red colour by reflected light 
oczur plentifully. 


Inmonite.—This mineral is equally as abundant as hematite.” 


Tourmaline.—The grains of this mineral are usually rounded, 
though a few stumpy crystals consisting of prisms terminated by 
simple rhombohedra occur. The colour is most frequently brown, 
having in one case a blue border. Only one grain of distinctly blue 
tourmaline has been seen. The pleochroism of the brown variety is 
usually intense. Inclusions are somewhat rare. 


Apatite.—A few crystals of this mineral have been noted. 


Staurolite—This mineral is of frequent occurrence. Usually it is 
quite fresh. The characteristic form is that bounded Ly cleavage 
faces, and presenting a “‘toothed”’ appearance. The colour varies 
from amber yellow to brown and the pheochroism is distinct. 


Biotite—Both the brown and green (chromium) varieties ¢ccur, 
though the latter is not abundant. 


Chlorite and Epidote.—These occur as rounded grains, very similar 
in colour, but the high birefringence of the latter and the low bire- 
fringence of the former enable them to be separately identified. Both 
are somewhat rare. : 


Monazite-—Of this mineral, only one undoubted grain has been 
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noted. It shows the rounded form and amber yellow colour with 
patches of alteration products. When tested spectroscopically it 
yields the characteristic spectrum. 


SOURCE OF THE MATERIAL. 


The writer must refrain from making any wide generalisation upon 
this subject, at this time, postponing such until the larger work which he 
has carried out in collaboration with Mr. H. C. Vessey, M.Sc., on the 
Permian Sands and Conglomerates of the North of England is ready 
for publication. It will be sufficient here to point out that, with the 
exception of the staurolite, all the other pebbles and minerals herein 
described have been found to occur in the Carboniferous Rocks of the 
Pennine area. The staurolite is interesting as being fairly common, 
and as having the same “toothed” or “ frayed’ outline which has 
been figured and described by Dr. H H. Th mas as occurring in the 
New Red Sandstone of the West of England,* and by Mr. T. O. 


Bosworth from the Carboniferous Sandstones of Scotland.* 


Iam much indebted to Mr. J. A. Butterfield, M.Sc., for the careful 
drawings of the heavy minerals which he has made to illustrate this 
part of the work. 


* Petrography of the New Red Sandstone (Dr. H. H. Thomas). 
Quart. Journ. Geol. Soc., Vol. LXV., Pl. XII., fig. 4c. 

* Heavy Minerals in the Sandstones of the Scotiish Carboniferous 
Rocks; Proc Geol. Assoc., Vol. XXIV., rt. 2. 
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APPENDIX. 


CHEMICAL COMPOSITION OF THE BEDS. 
BY M. ODLING, M.A., B.SC. (OXON.), F.G.S. 


About 40 grams from each bed were crushed up and well mixed 
so that a fair sample might be obtained. In the case of the marls 
shewing banding of grey and red the specimen crushed was somewhat 
larger and contained both, so that an average sample could thus be 
obtained. 


Since it had been found in the case of Permian marls recently 
examined from other districts that the insoluble residue left after 
dissolving in hydrochloric acid consisted largely of gypsum, it is re- 
markable to find that these marls are practically free from sulphates. 
In the cases of specimens yielding a high percentage of insoluble residue 
a portion was fused up and tested for sulphates, but in most cases the 
amount found was not considered sufficient to justify the expenditure 
of time necessary for a complete examination ; in the cases in which 
this was done it has been neglected in the tables, as when estimated as 
CaSO, 2H,O it never amounted to over 0°3 per cent. of the rock. 


In the first table (p. 294) the “* Loss on Ignition ’ would appear 
to be chiefly due to the water from hydrated silicates ; the “‘ Insoluble 
Residue ~ contains also all the silica, the Fe, O3,” etc., would 
contain small traces of MnO, and other oxides of this group, whilst 
the Al,O,, etc., might contain traces of TiO,. The calcium and 
magnesium have been calculated as carbonates and entered as 
dolomite and calcite as being the most probable state in which they 
occur. 


In the last two columns is shewn the relative percentage of caletum 
to magnesium carbonate, which in a pure dolomite should be CaCO,, 
54:27 per cent.; MgCO,, 45°75 per ccnt. 


Assuming that all the alumina existed in the form of kaolin and 
deducting the necessary amount of silica and water to satisfy this 
alumina from the “ Insoluble Residue ” and “ Loss on Ignition ” res- 
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pectively, we get the results shewn on table 2 (p. 295), which also 
shews the approximate percentage of kaolin to. silica and undecom- 
posed silicates. 


I cannot conclude without expressing my obligation to the Labor- 
atory Assistant, R. Simpson, for the conscientious way in which he has 
carried out my instructions. But for his help, time could not have 
been found for this investigation. 
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MARTIN SIMPSON AND HIS GEOLOGICAL MEMOIRS. 
BY T. SHEPPARD, M.SC., F.G.S. 
(Read December 12th, 1917.) 


In part 1 of Yorkshire Type Ammonites, by Mr. 8. 8. Buckman, 
issued in 1909, occurs the tollowing :—‘‘ The works of Martin Simpson 
are very little known outside his native county, and are almost un- 
procurable. His ‘Monograph of Lias Ammonites’ (London, 1843), 
is extremely rare; and his ‘ Fossils of the Yorkshire Lias’ (London, 
1855) is very scarce. Yet these modest works are more important 
than those of the other authors so far as Ammonites are concerned : 
they contain careful and discriminative studies of many species, and 
their worth has not yet received due recognition. Without full illustra- 
tion of Simpson’s types it is almost impossible to obtain due knowledge 
of Lias Ammonites, and certainly dangerous to describe or name 
species as new.” 


As the present writer possesses copies of the books mentioned, as 
well as several others, and as Simpson’s work certainly has not been 
recognised in the way it should, it seems desirable, while the opportunity 
occurs, to record what is known. He is urged to do so, as through the 
kind help of Mr. J. T. Sewell, J.P., and Mr. J. Woodhouse Parkinson, 
of the Whitby Museum, photographs of Simpson are available, as well 
as much useful information bearing upon his work in the Whitby area. 

As will be seen from the pedigree kindly prepared by Mr. Sewell, 
Martin was the eldest son of John and Jane Simpson ; he was born in 
1800* and died in 1892, and thus, like many another Yorkshire 
naturalist, far outlived his three score years and ten. 


Simpson was born at Whitby, he served his apprenticeship to a 
cabinet maker there, and afterwards entered as a student at Edinburgh 
University. In 1836, he became second master at the Wakefield Gram- 
mar School, and frequently lectured on Geology in that neighbourhood.f 


The Rev. Gideon Smales, in his book on ‘‘ Whitby Authors and their 


Publications ”’ (1867, p. 168) writes, ‘ Mr. Martin Simpson, the Curator 
of our Whitby Museum, studied in the University of Edinburgh, and 


* «C.D.S.” in the Geological Magazine, 1893, (p. 144) says on 
November 20th, 1798, but this is apparently an error, as Mr. Parkinson 
has kindly examined the Parish Registers for me, and finds the date to 
be November 20th, 1800. 

t loc. cit. 


Proc. Yorks. Geol. Soc., Vol. XIX., Plate XXXYV. 
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for many years was well known as a public lecturer on science. He 
has been engaged at different times in the arrangement of public 
museums and in various other scientific pursuits, and whilst he culti- 
vates, like every true philosopher, an acquaintance with, and compre- 
hensive views of, the great fields of research, his position and 
connexion with the rich fossiliferous district of Whitby has specially 
brought out his efforts in the science of geology.” 

In The Whitby Repository (new series) for June 1, 1867 (pp. 465-474), 
is “A Lecture on the Passions: given at the Wakefield Literary and 
Philosophical Institution, 1830” ; this is his first literary effort that 
the writer has been able to trace. 

His first book, which in many respects was his most important, 
was his work on the Lias Ammonites, published in 1843 (12mo, 60 pp.), 
the title* of which the following is a copy. 


A MONOGRAPR 


OF THE 


AMMONITES 


OF THE 


YORKSHIRE LIAS; 


CONTAINING THE SPECIFIC CHARACTERS, AND POPULAR 
NOTICES, OF MORE THAN 100 sPECIES: WITH 
REFERENCES TO THE PARTICULAR BEDS AND 
LOCALITIES’ WHERE EACH IS TO BE 
FOUND; INCLUDING, ALSO, THE 
TWO SPECIES OF NAUTILUS, 


DESCRIBED FROM NATURE, 


BY M. SIMPSON, 


Curator to the Geological and Polytechnic Society of the 
West Riding of Yorkshire, and late Keeper of the 
Whitby Museum, Lecturer on Geology, &c. 


LONDON: 
SIMPKIN, MARSHALL, AND CO., AND ALL BOOKSELLERS, 


1843. 


* The wording on the cover is identical, though the words “A 
Monograph ” are decorated, and there is an ornamental border. 
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The preface to this work, dated “‘ Whitby, Feb., 1843,” is not without 
interest, and shows that in those early days attention was paid to the 
law of priority in nomenclature. Notwithstanding what Simpson says 
as regards illustrations, it is a great pity that the suggested plates 
were not prepared, as much subsequent confusion would have been 
avoided. He writes :— 


“ Nearly the whole of this work was written two or three years ago, 
while I was arranging the Whitby Museum, and had favourable oppor- 
tunities for observation ; and its appearance has been delayed wholly 
from the want of some convenient means of publication. To those, 
therefore, who have aided me by their subscriptions, I feel the more 
grateful. It would have given me pleasure to have obliged my friends 
by the addition of plates, but the general forms of the genus have 
already been well illustrated in that way by others; and the best 
figures can do but little in representing specific characters. 


“Some ot the names, perhaps, may appear objectionable. But where 
I did not observe a name inharmonious, or conveying a wrong character, 
I thought it better to let it pass, than to invent a new one. In all 
cases, to the best of my knowledge, as a matter of justice, I have adopted 
the names of previous authors, and I have also paid the same respect 
to the excellent manuscript names of my friend Mr. Bean. It may 
appear surprising that so many species of ammonites should occur in 
one group ot strata, and in one small district, but so far from having 
over-rated the number, I believe that when these fossils shall be more 
generally studied, and fresh localities shall have been carefully examined, 
the number of species wili be stili turther increased.” 


As specimens of his descriptions, below are given his accounts of 
two well-known species, A. heterophyllus and A. elegans :— 
[page 7] I. Without a dorsal keel or furrow. 
a. No spines. 
1. A. HETEROPHYLLUS, Sow. Syn. N. Whitbiensis, Y. and B. 


° : 6 

Rather depressed; inner volutions concealed, outer whorl zo the 

diameter ; umbilicus small; strie numerous, annular, diverging; 
aperture ovate : diameter 1 to 16 inches. 


This ammonite may be readily distinguished from all the others of 
this group, except the next, by the inner whorls being entirely concealed. 
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It is found in every bed of the upper Lias, but those specimens which are 
obtained from the upper part of this division, are the largest. The 
striated shell is thin, and when removed, the varied angular, and rounded 
forms of the septa are displayed ; which gives to the cast a beautiful 
foliated appearance. On the outer whorl of some large specimens, 
may he observed straight, obtuse, radii, which become obsolete before 
reaching the back; but in the smaller specimens these are scarcely 
discernible. 


{page 31] IJ. With a keel on the back. 
a. Outer whorl broad. 
54. A. ELEGANS, Sow. 


Much depressed ; volutions 4 or 5, inner ones zy concealed, outer 
whorl rather more than } the diameter, inner edge sloping or con- 
cave; radii twice bent, faint; keel sharp, prominent, entire ; 
aperture triangular diameter 3 inches. 


This elegant shell is rather abundant in the jet rock and hard shale 
ot the upper lias ; the shell is thin, and both it and the cast are smooth 
and shining. About } of an inch from the inner edge of the whorl, is a 
concentric Jine, in some specimens distinct, in others obsolete. The 
inner edge of the whorls of this group being deeply indented by the 


succeeding whorls, the apertures have more or Jess the shape of arrow 
heads.” 


After his descriptions of 108 species, he gives a short note on 
“Malformations.” The index is arranged under the heads of :— 


NAUTILUS. 
Ammonites. J.—Without a dorsa] keel or furrow. a. No spines. 
b. Armed. 
a IJ.—Carinated. a. Outer whorl broad. 
b. Outer whorl narrower. 
ae III.— Keel between two furrows. a. Furrows slight. 


b. Furrows distinct. 
ce IV.—With a dorsal furrow only. 
There is a list of forty-two subscribers, among them being W. Bean, 
J. Buckman, the Rev. W. Buckland, J. Leckenby, John Morris, John 


Phillips, the Rev. A. Sedgwick, H. E. Strickland and the Rev. G. 
Young. 


In 1855 appeared Simpson’s book entitled :— 


‘The Fossils / of the / Yorkshire Lias ; / Described from Nature 
_/ with a short outline of the / Geology of the Yorkshire Coast / 
illlustrated with sections ; / and intended as / A Guide to Strangers / 
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By M. Simpson / lecturer on natural science, and curator of 
Museums. 

“London: / Whittaker & Co., Ava Maria Lane. / Whitby: 
Silvester Reed. / 1885.” 


It contains as frontispiece a “‘ General [vertical] section of the East 
Yorkshire Strata,’ from the Drift to the Red Marl; and “ Sections of 
Strata on the Yorkshire Coast,” from Filey to Whitby, both of which 
are used again in the author’s “ Guide to the Geology of the Yorkshire 
Coast.’’ It is in two sections. The first twelve pages describe ‘“‘ The 
Geology ot the Yorkshire Coast’; the remainder is devoted to the 
“Fossils of the Yorkshire Lias.’’* 


The Preface, dated “‘ Whitby, March, 1855,” reads :-— 


‘« Being engaged, a number of years ago, in arranging the Whitby 
Museum, and finding the fossils of the Yorkshire Lias but very im- 
perfectly described, I made it a practice to note down in a book the 
characters of every species that came under my notice; and this I 
have continued to do, as opportunity afforded, until the present time. 
As this greatly facilitated my labours in the Museum, I also found it 
to be a most improving exercise in promoting habits of minute and 
accurate observation. Twelve years ago, I published descriptions of 
more than one hundred species of Ammonites; and these being 
favourably received by many intelligent and learned persons, I now 
venture to publish such descriptions of our Lias Fossils in general as, 
I trust, will facilitate the studies and pursuits of those who feel interested 
in the subject. In order to render the work more useful to those 
intelligent strangers who frequently visit this part of Yorkshire, I have 
given a short description of the Strata exhibited on the cliffs from Brid- 
lington to the Tees.”’ 


In this work the following curious reference is made (p. 3) to Filey 
Brig :—‘‘ Before geological investigations were much attended to in 
these parts, it was supposed that this celebrated reef was formed by 
some Typhceus, or by some other supernatural being of a worse name, 
with the intention of continuing it to Denmark and Norway, so that 
the witches, who, braving the perils of the deep, had been accustomed 
to come over to this country in egg shells, might arrive by dry land ; 
but fortunately this evil-disposed personage lost his hammer before his 
wishes were realized, so his labours ceased.” 


* In the Catalogue of Books, etc., in the British Museum (Natural 
History), Vol. IV. (p. 1929), it is recorded that ‘‘ The author’s original 
drawings of some of the Belemnites described in this work are in .the 
Library of the Geological Department.” _ 
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This first edition contains an illustration (p. 16) of ‘ Plesiosaurus,” 
which does not occur in the later editions, and the second edition of 
“The Fossils ot the Yorkshire Lias,” 1880, contains (p. 25) a restoration 
of a belemnite which does not occur in the first edition. 


A second edition of this work, evidently considerably enlarged, as 
it contains xxiv. +256 pages, appeared in 1884. The following is a 
copy of the title :-— 


“The Fossils / of the / Yorkshire Lias ; / Described from Nature 
/ with a carefully measured section of the / strata, and the fossils 
peculiar to each. / By / Martin Simpson / Lecturer on Natural Science, 
and Curator of / the Whitby Museum ; Author of a Guide / to the 
Geology of Yorkshire. / Second Edition. 


“ Whitby : / Printed by Forth & Sons, Flowergate, / Sold at the 
Museum. / London: / John Wheldon, Natural History Bookseller, / 
58, Great Queen Street, Lincoln’s Inn Fields. / 1884.” 


This work was “ Price 5s. to Subscribers only,” judging trom an 
advertisement on the cover of the second edition of his “ Guide to 
Whitby and the Vicinity,” 1887. 


In his Preface to this second edition, Simpson states “ The Fossils 
of the Yorkshire Lias, and especially the Ammonites, had been objects 
of superstition and poetick fiction from medizva] times, but respecting 
their true nature no one ventured to express an opinion.” 

He states that the “ honour of first introducing the study of the rocks 
and organick remains of eastern Yorkshire into Whitby and the region 
round about, is due to the Rev. George Young, M.A., of Edinburgh. 
In 1818, he published his History of Whitby..... in which he gave a 
very luminous and correct exposition of the rocks and organick remains 
of the district.’”” Simpson then gives the following paragraph, which 
it is interesting to read in these times :— 


‘The Publication of this work immediately produced a general 
revolution in publick opinion respecting the fossil remains of the 
district, and excited great zeal for further discovery. There was, 
indeed, at this time, in Whitby, a strong desire after intellectual 
pursuits, not only amongst the learned, but amongst many whose 
circumstances in life were unfavourable to such pursuits. The cessation 
of a long and exhausting war, the energies aroused by that war, and 
the want of employment before the return of commercial prosperity, 
all had a tendency to intellectual pursuits, and, no doubt, contributed 


U 
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greatly to the establishment cf Philosophical Institutions and Museums, 


which the great wealth and the national prosperity of the present era 
scarcely sustain.” 


Reference is made to Young & Bird’s “ Geological Survey of the 
Yorkshire Coast ”’ (1822), to the work of Bean and Williamson, John 
Phillips’s “Tlustrations of the Geology of Yorkshire” (1st edition, 1829), 
and the formation of the museums at Scarborough and Whitby. He 
states that he was lecturer to the Whitby Society, and curatcr of its 
Museum in 1837, that he published his ““ Ammonites of the Yorkshire 
Lias ” in 1843, and, in 1855, his descriptions of “all the then known 
fossils of the Yorkshire Lias, together with an outline of the Geology 
of the Yorkshire Coast.”’* 


As a fine piece of early zonal collecting, we may quote the followingf : 

‘* Beng convinced by observation that few species of the Lia&s 
fossils had existed during the deposition of any great thickness of 
strata, but, on the contrary, were often confined to thin seams, I 
measured carefully, with a two feet rule, all the beds and seams of 
Lias, both to the south and north of Whitby, and at the same time 
collected the fossils from each stratum. ‘This section I published in 
1868, in the fourth edition of my ‘ Guide to the Geology of the Yorkshire 
Coast.’ This section I now reprint (pp. 1x.—xxiii.), with slight 
alterations, and to which the fossils in the catalogue are referred.” 


He then reters to Tate & Blake’s work on “‘ The Yorkshire Lias.” 
“ As they [Tate & Blake] expressed their intention to recognise and do 
justice to my previous researches and publications, I willingly laid 
open to them what I had been accumulating towards the further 
illustrations of our Lias. Their work was published in 1876; . 
and the scrupulous fidelity and honour with which they have treated 
my labours gives me the highest gratification.” t 


* Apparently this is considered to be the first edition of his ‘* Guide 
to the Geology of the Yorkshire Coast,’ the second edition of which 
was issued in 1856. 

ye es 

{ The references to Simpson’s work, by Tate and Blake, are (in the 
Preface), ‘‘ We think we ought especially to acknowledge the kindness 
of Mr. Simpson, the Curator of Whitby Museum, who has permitted 
us to examine his types, though we have often thereby come to a 
different opinion as to their interpretation ’’ ; and (on p. 9), “* 1865-8, 
Mr. Simpson published, in a small handbook called ‘ A Guide to the 
Geology of the Yorkshire Coast,’ ‘ A Section of the Yorkshire Lias,’ as 
seen between Whitby and The Peak. Its chief value is its localizing 
the various fossils before-named by the author. It consists of a 
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Simpson also gratefully acknowledges the honour done to him by 
the Council of the London Geological Society in awarding him a portion 
of the Murchison Donation Fund [7.e. in 1884]. 


After the Preface follows the account of “‘ A section of the Yorkshire 
Lias.”” The Fossils are then described in the following order :— 


Teleosaurus 2 species Trigonia .. 2. SpPecles 
Plesiosaurus 9 ee *Mytilus .. es ane fe 
Ichthyosaurus 6 2 Isocardia Ph 8 ea 
Placoideis 5 - Cardinia .. Fit wee i 
Lepidoides a 8 ie Cardium .. eon 9 33 
Sauroides ae et ES Tellina .. on a) ie * 
Sepia .. ¥ 5 os Venus... 7 5 - 
Belemnites .. 84* _,, Corbula .. iS . 4 a 
Nautilus a ae wa Myacites < on 3 
Ammonites .. 200 os Mya $3 af a c 
Trochus Dee, 5. Pe Pholadomya ey ey - 
-uUrpo:... eriea Vi se Lingula .. a 2 oe 
Nerita .. of 5 wr Terebratula BS BG iF 
Tornatella 6 = Spirifer 7 # 
Buccinum a 1 - Orbicula .. oe y ra 
Cerithium a 9 Ns Serpula .. mss 8 - 
Ostrea .. Les. ae oe Dentalium 6 bs 
Pecten Ko jae a Astacus 4 es 


description of every bed of the Lias, with their respective thicknesses, 
and the included fossils. In some parts it fairly represents the truth, 
but in others it is not possible to follow it at all on the spot, and, as 
portions of the series appear to be omitted, gives no true idea of the total 
thickness.”* Also (on p. 270), ‘“‘ In 1843, Simpson published, ‘ A Mono- 
graph of the Ammonites of the Yorkshire Lias,’ without any figures— 
in this he enumerated 108 species, of which 50 were supposed to be new. 
Many of his names, however, both original and adopted, were afterwards 
superseded in 1855 by his ‘ Fossils of the Yorkshire Lias,’ in which 191 
names were applied, which included all those that had before been used. 
Three of these are applied to non-liassic shells by mistake, but I cannot 
agree with the author in considering all the remainder as sufficiently 
distinct. from each other to deserve a specific name, while some are in 
my [7.e. J. F. Blake’s] opinion the young of others, and some are described. 
from insufficient material. After all such deductions we find the total 
number raised to 89, of which 64 go under other names than Simpson’s, 
and 5 are adopted on his authority alone as I have not seen them.”’ 
Blake names some of the Liassic fossils after Simpson. In Tate and 
Blake’s list of important works on the Lias (pp. 5-11),no_ reference what- 
ever is made to Simpson’s book on the Ammonites. 


* Also 3 species from beds between the Lias and the Oolite: Blea- 
wyke, Peak. 
ft Misprinted Mylilus, on p. 193. 
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Lima .. .. 15 species Asterias .. 


8 species 
Anomia ey 4 25 Pentacrinus 4 he 
Spondylus oe 4 at: Echinus .. oe 3 = 
Perna .. ee |" ‘a Corals 5 ms 
Avicula mos 25 | Ae -_— 
Pinna x 3 he Total .. 140 - 
Arca .. ee _— 


Simpson also points out that Mr. Blake has described seventeen 
species of Entomostraca ; a wing-case of a beetle, and two neuropterous 
wings ; and there are brief notes on ‘“‘ Vegetables’ [2 sp. named], 
“* Minerals ” and “‘ Jet.”’ There is a good index in which all the species 
are enumerated. 


It does not follow, of course, that all the species described Ly 
Simpson hold good to-day; Mr. 8S. 8. Buckman, in his “ Yorkshire 
Type Ammonites ” has changed many, and specialists in other directions 
would not accept all the names enumerated; but the fact remains 
that Simpson’s list is a remarkable piece ot work, the more welcome to 
the average field geologist because of the descriptions of the species 
given. Simpson stated: ‘On whatever subject I write, I have con- 
stantly before me persons of ordinary education, and for their benefit 
I sink, as much as possible, anything which might appear technical or 
learned.” 


The next work of Simpson’s is his ‘‘ Guide to the Geology of the 
Yorkshire Coast,” and of this what is described as the “‘ second edition ” 
(1856) is really the first, as what he apparently considers his first 
edition was a portion of his first edition of “ The Fossils of the Yorkshire 
Lias,” already described. The following appears on the title-page cf 
the first independent issue of his Guide :— 


‘A Guide / to the / Geology / of / The Yorkshire Coast ; / illus- 
trated with sections / By Martin Simpson, / Lecturer on Natural 
Science, and Curator / of Museums. / Second Edition. 


‘* Whitby : / Silvester Reed, Old Market Place, / 1856.” 


It contains 28 pages,* the title and cover (of green paper) are 


* On the last page is the announcement :—‘‘ Recently published 
by the same author / ‘ The Fossils of the Yorkshire Lias’ ; / Described 
from Nature / with a short outline of the Geology of / The Yorkshire 
Coast. / Illustrated with sections / Price 2s. 6d.” 
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identical. Before the title are “‘ General Section of the East Yorkshire 
Strata ” (with thicknesses) and [six] “‘ Sections of Strata on the York- 
shire Coast,”’ between Filey and Whitby. 


In 1859 was issued the “ Third edition,’’—in reality the Second— 
with similar title to the preceding, in a red cover, with slightly wider 
pages, and with “ Price Sixpence ” added. It is enlarged to 52 pages 
there are additional notes on Drift, Ironstone and Alum; and the 
price of “The Fossils of the Yorkshire Lias: recently published,” is 
now given as ls. 6d. There are two plates of sections as in the pre- 
ceding. 


In 1868 was published the “‘ Fourth edition ’”—in reality the Third 
(64 pp.), in stiff buff covers ; the wording of the title is similar to that 
of the previous editions, except for the words “ Fourth Edition ” and 
the date “ 1868,” but on the cover the Imprint is given as “ London 
/ Whittaker & Co.,/ Ave Maria Lane / Whitby: Silvester Recd /1868 / 
Price 1s. 6d. 


Two plates of sections are now added, making four in all. 


A further “ fourth edition ” (64 pp.) was also issued, the title and 
contents of which are similar to the preceding, but the cover is different, 
as the words “ Lecturer on Natural Science and Curator of Museums ” 
occupy one line instead of two, and the imprint now reads :— 


“London: Whittaker & Co., Ave Maria Lane. Whitby: S. Reed, 
2 John’s Street, West Cliff.” 


and occupies four lines instead of three: there is no date and no price 
marked, and the back cover contains an advertisement of 8. Reed’s 
Public Library, whereas the previous one is blank. Possibly part of 
the impression was kept in sheets, and the cover added as the earlier 
impressions were sold. 


There was evidently a difference in the dates of the publication of 
these two ‘‘ fourth” editions, as the first contains an oval label in 
black, on the inside cover, which reads :—‘‘ Wm. Dalton, Successor to 
J. Shuttleburgh Fossil and Shell Dealer, 38, Cliff Street, Whitby. 
Ammonite and Pentacrinite Brooches, Pins and Studs. Fossils, Shells, 
and Corals in great variety, Shells” ; whereas the second named issue 
contains an oblong red stamp, from which it appears that Dalton is now 
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at “The Old Curiosity Shop ” at 14 & 15 Cliff Street, and m addition 
to his brooches, etc., he now deals in “ Jet, Sea-weeds, Antique China, 
Japanese goods, &c.”’ The four plates are also given in different order 
in the later edition. Thus, this second “‘ fourth ” edition really is the 
fourth. 


Both these “fourth ” editions contain the usual advertisement on 
the last page, in reference to “ The Fossils of the Yorkshire Lias,” etc., 
but we are now informed that ‘‘ A new edition is in preparation.”” This, 
as already shown, appeared in 1884. 


In Part Il. of G. Markham Tweddell’s “ History of Cleveland ’’* 
(1855) is “The Fossils of the Yorkshire Lias,’ which is a short 
description of the Lias, and concludes with “‘ A Systematic Catalogue 
of the Fossils of Our Lias ” (pp. 50-54), by M. Simpson. It follows. 
an article by John Phillips. It is a reprint of this (4 pp., Whitby, no 
date, see Bibliography) that isin the collection at the British Museum 
(Natural History). There is one in the Whitby Museum, and I have 
another. The list is in three columns, and was printed by “ Silvester 
Reed, Printer, Old Market Place, Whitby.” It bears the following :— 
“ Just published, price 2/6. A Descriptive Catalogue of the above 
Fossils, with a short outline of the Geology of the Yorkshire Coast ; ”” 
this work being issued in 1855. 


The next separate publication by Simpson appears to be his— 


‘Geology of the Whitby District / Report / of / A Lecture / de- 
livered before the / Whitby Literery ard Philcsophical / Sceiety. / 
By Mr. Martin Simpson. / Re printed frcm the ‘‘ Yorkshire Gazette,” 
/ with additions, etc. 

“Whitby: / Printed by S. Reed, Old Market Place, and West 
Cliff.” 

This was a 12mo pamphlet of 12 pages, in small type. It is given 
in “ The Bibliography of Yorkshire Geology ’’} as [n.d. 71840]. I had 


* This was issued in parts, four only of which were published. On 
p. 50 of Simpson’s paper, the publisher adds, ‘For full notice of 
Mr. Martin Simpson’s literary and scientific labours, see the chapters 
on Whitby in the present History, and the Second Series of ‘ Bards and 
Authors of Cleveland and South Durham,” but apparently neither 
publication appeared. 

{ Proc. Yorks. Geol. Soc., Vol. XVITI., 1915, p. 59. 
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not then seen a copy, and the information was given on the strength 
of one seen by the late C. Fox-Strangways, possibly in the British 
Museum. My copy, which was recently given to me by Mr. J. W. 
Stather, shows that it must have been published after the summer of 
1860, as it contains a statement (p. 10) that during the summer of 
that year Mr. Simpson had spent much time between Whitby and 
Peak, in examining the fossils of each particular stratum. From the 
reports of the Whitby Literary and Philosophical Society, it is clear 
that the lecture was delivered there in 1861, which is probably the date 
of the pamphlet. 


In 1862 was published “‘ A Guide to Whitby and the Neighbour- 
hood, by Martin Simpson, author of “A Guide to the Geology of 
the Yorkshire Coast,” etc. 18mo, pp. 24, Whitby: Corall & Lockey, 
Times Office, Baxtergate, 1862, 6d.”’ I have not seen a copy of this work, 
but the information is given on page 168 of Smales’s “‘ Whitby Authors 
and their Publications,” 1867. A second edition of the Guide appeared 
in 1887. 


In 1867 Simpson contributed “‘ A Synopsis of the Contents of the 
Whitby Museum” to the Whitby Repository, New Series, which 
occupied eight pages. This was reprinted as an 8 pp. pamphlet for 
distribution to visitors to the Museum, and, in June 1881, it was 
reprinted with additions, the second impression having a plan of the 
cases, etc., on the first page. This méthod of issuing a brief summary 
of the contents of the Museum has been followed since Simpson’s 
death, two or three different editions having been printed. 


His next publication is a remarkable book, which was issued after 
he was eighty years of age, though the subject had occupied his attention 
for a very long time. Simpson always considered that this work would 
be better known than any of his geological publications. The title 
page reads :— 


“A / History of England / frcm / The Revolution of 1688; / 


{+ There is a copy in the Whitby Museum which apparently is the 
original. It slightly differs from the above in the paging, though there 
are 12 pages. The Whitby Museum copy is ‘‘ Reprinted from the 
Yorkshire Gazette of February 28th, 1861,’ and states that the lecture 
was delivered on ‘‘ Monday, February 4th, 1861.” This is clearly the 
first edition, the pamphlet just described being the second. 
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being / A Continuation of Hume’s History cf England, / By / Martin 
Simpson, / Lecturer in Natural Science; Author of ‘A Guide to the 
Geology / of the Yorkshire Coast ;’ ‘ Lias Fossi!s;’ ‘Guide to / 
Whitby ;’ etc., etc. / and Curator of the Whitby Museum. / Vol. I. 
/ The History of the Reign of / William the Third ; / Being a History 
of England from the Gloerious Revolution cf / 1688 to the death of 
William in 1702 ; ccmprising the / interregnum, the reign of Witham 
and Mary, and /of William III:, with remarks on the principal 
/ events and public characters of that / memorable period. 
‘““ Tweddell & Sons, / Stokesley. / 1881.” 


It is bound in yellow cloth, on the back of which is “‘ History of 
England, William III., Simpson,” in gold. The book is cctavo, and 
contains vill. +260 pages, and was printed by Forth & Son, Printers, 
Flowergate, Whitby. No subsequent volume appears to have been 
published, though an advertisement on the back of the second edition 
of his ‘‘ Guide to Whitby and the Vicinity: (1887)”’ says it 1s “ To 
be continued to the end of the great French War.’’* 


In 1887 was published the second edition of Simpson’s “* Guide to 
Whitby,” on the green cover of which is the following collcquy :— 


‘STRANGER: Sir, we have just arrived by steamer, and have only 
a short time to remain ; can you tell us where we can have the 
best view of the town ? 


““GuipbE: If you direcs your course towards tke old Parish Church, 
perched on the edge of the Eas Ciff, and ascend 199 stone 
steps, you will have the Town and Harbour spread before you. 
By going a few yards further you can see much of the ruins of 
the Abbey.” 


There are 47 pages (12mo), and no title page. Besides dealing with 
the Abbey, St. Mary’s Church, the Town and Harbour and the sur- 


* An advertising slip, sent to me by Mr. T. W. Parkinson, gives the 
price of this book as 5s. There is also the following announcement :— 
** Will be published, price 6s. 6d. / The History of the Reign of Queen 
Anne, / By the same Author, / As soon as a sufficient number of copies 
are subscribed for to clear / the Expenses of Publication. / Subscribers’ 
names will be gladly received by THE AUTHOR at the Museum, Whitby, 
or by TWEDDELL & Son, Publishers, Stokesley. from whom alone copies 
can be obtained.” 
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rounding villages, there are notes on alum, and a chapter devoted to 
natural history. This last is under the heads of vertebrata, mollusca, 
articulated animals, the radiated animals, botany and minerals. 
There is also an account of the antiquities. On the back cf the cover 
are advertised, “‘ By the same author :” the “ Guide to the Geology of 
the Yorkshire Coast ” (1/6), “ The Fossils of the Yorkshire Lias ”’ (5/-), 
and “ A History of England—William III.—To be continued to the end 
of the great French War.” This prcmise of ccmpleticn was mede 
when Simpson was eighty-seven years of age. 


The Reports of the Whitby Literary and Philosophical Scciety 
—a, complete set of which I possess by the kindness of the late Thomas 
Newbitt—contain some useful information relating to Simpson. The 
first reference appears in the Thirteenth Report, published in i835, 
where it states (p. 8), ‘‘ A short course of Lectures on Astronomy and 
Optics was delivered last month [September] in the Library Rooms, 
to a respectable audience, by Mr. Martin Simpson (a native of 


Whitby).” 


In the Fourteenth Report (1836), the name, “ Mr. Martin Simpson, 
Wakefield,” appears in the list of honorary members. In 1837 (p. 7), 
we read, “‘ The Council, in order to expedite the improved classification 
of the Fossils, and other contents of the Museum, and to promote the 
general interests of the Society, have engaged Mr. Simpson, as Keeper 
of the Museum and Lecturer to the Institution,” and his name con- 
tinues to appear as the Curator, sometimes with a colleague, till the 
70th Report in 1892, so that it appears that he acted for 55 yearsas a 
curator. 


In the Sixteenth Report we find that “new shelves are fitted, 
upon which are arranged fossils of the Yorkshire Coast in their strati 
graphical order’; some duplicates were sold to Prof. Sedgwick for the 
Cambridge Museum, for {13. The minerals were also re-arranged and 
labelled. The “list of additions’ to the Museum contains particulars 
of several specimens by the Curator, such records appearing fairly 
regularly during the next half century. 


In the following year it seemed necessary to dispense with the 
Curator’s services, on account of lack of funds, but a footnote adds 
“Since the above was written Mr. Simpson has been engaged another 
year.” The balance sheet for 1839 contained the item “to Mr. 
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Simpson's salary, £20.” By 1841, he relinquished his duties on account 
of the state of the Society’s finances. In 1842, he gave about 1,800 
fossils, “ greatly above the value of Ten Guineas,” which entitled 
Simpson to rank as a Life Governor of the Society. In 1842, he was 
appointed as curator of the Museum of the West Riding Geological 
and Polytechnic Society. Letters printed by Mr. J. W. Davis in his 
History of the Sceiety (Proceedings Vol. X., pp. 161-168) show that 
S:mpson ente:ed with energy into the task of arranging the collections 
in the Society’s possession, but the engagement only lasted a year, as 
the Council decided no longer to maintain a museum at Wakefield. 
An arrangement was en’e-ed into with the Leeds Philosophical and 
Literary Society that rocm3 should be set aside in the Philosophical 
Society’s hall for the reception of the fossils, and that they should 
be kept there as a separate collection, reclaimable at pleasure on 
notice by the Geological Scciety. During his curatorship at Wake- 
fie'd, however, Simpson arranged with the Whitby Scciety an ex- 
change of specimens, by which the Yorkshire Scciety’s co'leciions 
received scme 209 Jurassic fozsils, end the Whitby Society 
apparen‘ly gained Carbcnifercus plants and fishes. Evidently 
Simpsen retumed frcm Wakefield to Whitby in the summer of 
1843. In 1847, according to the Whiiby report, he was thanked 
“for his assiduous and valuable labours in arranging and marking our 
[z.e. Whitby] collection of recent shells... .. Mr. Simpson is proceeding 
to bestow the same patient and persevering attention on the arrange- 
ment of our other specimens,” so that apparently he was practically 
the Curator, though unpaid. In 1848, the Society hoped to publish a 
‘“ Synopsis of its Museum.’ Subsequent reports still record thanks 
to Simpson, who, besides possessing the “talents, time and taste for 
the task, has also the disposition to exert them in the cause of science.” 
By 1856, the council “regretted the state of the Society’s funds did 
not admit of an adequate renumeration being awarded him,” but a 
payment of £10 to him is shown in the balance sheet, and a similar 
payment appears fairly regularly each year until his death. 


For several years he compiled the Meteorological Records, which 
were published in the Report. He was a frequent lecturer to the 
Society, on a variety of subjects, among which may be mentioned 
“Taste,” ‘“ Natural History,” ‘‘ Geology,” “Ammonites and Belem- — 
nites,” “The Geology of the Neighbourhood ” (published in 1861, 
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already referred to), ‘‘ The Sun,” “‘ The Early British Constitution,” 
“Dr. Young’s Education,” etc. 


The last official reference to him in the Society’s Reports appears 
in 1893, when his death is briefly recorded as occurring in the previous 
December [31st], at the age of 93. It states he “has been so greatly 
identified with the Museum, that for many years it seemed almost to 
engross his whole care, with results gratifying to his own philosophical 
tastes, and not less to the advantage of the Members of the Society, 
and to the community in which he was so long a familiar figure.” 


From “ A Brief account of the Foundation and Earlier Years ”’ of 
the Society, published by the Rev. J. B. Brodrick, in 1894, we learn that 
“under Mr. Simpson’s direction, the fossils were arranged in strati- 
graphical order, and a section of the strata of the coast was painted on 
the frieze above the cases, the arrangement being, as the Council I 
think justly say, a monument of the skill and taste, the patience and 
perseverance of Mr. Simpson.” 


Mr. J. T. Sewell tells me he remembers Simpson well; he was a 
short man with a very big umbrella that was always carried when rain 
might be expected. It was Simpscn’s intention to have left all his 
effects and property to the Whitby Musevm, but tke intention was 
not given due legal effect, and he died intestate—to the loss of the 
Museum. | 


Dr. W. J. Veitch recently sent me two letters written by Simpson, 
which are well worth quoting, especially as one gives particulars of the 
prices paid for old-time Yorkshire Geological collections :— 


WuitBpy MvusEvum, 


September 15th, 1884. 
DEAR Sir, 

Thanks for your friendly communication. You have got a difficult 
business in hand, and I fear we cannot help you. All our duplicate 
fossils went to the Continent many years ago, in exchange for minerals 
and fossils. In preparing a second edition of my catalogue of the 
Yorkshire Lias Fossi!s I collected a great number of Belemnites from all 
the strata, which I have described, and intend to dispose of the dupli- 
cates sometime. The 2nd edition of my book was published in June 
last, price to Subscribers, 5s. ; at the Booksellers, 6s. 6d. I enclose you” 
a few slips, and shall be obliged for any patronage you might obtain for 
the book. I have got a very respectable list of subseribers, but it will 
require many more to meet the cost of publication. The publication 


314 SHEPPARD: MARTIN SIMPSON AND HIS GEOLOGICAL MEMOIRS 


has been long delayed, but in February last, the London Geological 
Society did me the honour to award me nearly £30, “‘ in recognition of 
my lifelong researches in the Paleontology of the Jurassic Rocks of 
Yorkshire.” Under this high patronage I ventured on publication, 
though I cannot expect the work to obtain ready sale. My Geological 
Guide to the Yorkshire Coast is well received by the visitors. 
Wishing you success in your arduous undertaking, 
I am, Dear Sir, 
Yours truly, 

To W. J. VerrcH, Esq. MARTIN SIMPSON. 


WHitBy MusEuUM, 
October 15th, 1884. 
DEAR Sir, 

Thanks for the remittance. I sent off the book this morning by 
parcel post. There are good Lias Fossils in Chapman’s shop, but I 
believe they are costly. I think you may collect some at Redcar, 
Coatham, etc., where Prof. Tate made great discoveries, and in the 
Junction Mine close at hand. You will have to be patient. It has 
taken us 62 years to collect what we have and have absorbed several | 
private collections. All the private collections are gone: Bean’s to 
the British Museum, £500 ; Leckenby’s to Cambridge University, £800 ; 
Wood’s (Richmond), £800, to York. Some time ago I went over to 
Searborough in pursuit of Oolite Fossils for our Collection, but I got 
none. No one was collecting. 

You will have many tastes to please, but scientific arrangement 
must be adhered to. 

Dear Sir, Yours truly, 
MARTIN SIMPSON. 
To Dr. VEITCH. 


List OF PAPERS, ETC., BY M. Simpson. 


1843.—A Monograph of the Ammonites of the Yorkshire Lias. 60 pp. 

1844.—-Observations on the Discovery of Coprolites in the Stanley Shale 
and Flockton Coal, or Fish Coal. Proc. Yorks. Geol. Soc., Vol. I1., 
pp. 171-181. 

1855.—The Fossils of the Yorkshire Lias, described from Nature, with 
a short outline of the Yorkshire Coast. 149 pp. 

1855.—A Systematic Catalogue of the Fossils of the Yorkshire Lias, 
drawn up by M. Simpson. Whitby, 8vo, 4 pp. [reprinted from 
G. M. Tweddell’s ‘‘ History of Cleveland.” 

1856.—Guide to the Geology of the Yorkshire Coast, Second [First] 
edition. 28 pp. 

1859.—A Guide to the Geology of the Yorkshire Coast, Third [Second] 
edition. 32 pp. 

1861.— Geology of the Whitby District 12 pp. [two editions, one.dated 
1861—the other, not dated, being later]. 

1862.—A Guide to Whitby and the Neighbourhood. 18mo, 24 pp., 6d. 
[second edition in 1887}. 

1865.—The Drift of the East of England. Geol. and Nat. Hist. 
Repository, Vol. 1., p. 57. 
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1865.—The Plant Strata of Gristhorpe-Bay, near Scarborough, loc. cit., 
p. 71-72. 

SEG. Inferior Oolite, Lias, Belemnites, etc., of the Yorkshire Coast. 
loc. cit. pp. 215-216. 

1867.—A lecture on the Passions, given at the Wakefield Literary and 
Philosophical Institution, 1830: Whitby Repository, N.S., June 1, 
1867, pp. 465-474. This was reprinted, with slight corrections, 
to occupy 8 pp., 8vo. 

1867.—Synopsis of the Contents of the Whitby Museum, loc. cit., 
August, pp. 78, 79, 70, 71, 72, 73, 74, 75 [reprinted as a pamphlet 
of 8 pages ; Second edition in 1881}. 

1867.—The Water Shrew (Sorex fodiens). Whitby Repository, N.S.. 
Vol. I., March 1, pp. 326-327. 

1867.—On the Geology and Scenery of Craven, in Yorkshire. In a 
letter to the Rev. George Young, M.A., by Mr. M. Simpson. 
October, 1836, loc. cit., pp. 428-431. 

1868.—Meteorological Observations at Whitby [with notes on Thunder 
and Lightning Phenomena], loc. cit., N.S., Vol. Il., pp. 316-317. 

1868.—The Viper and other Snakes, loc. cit., April, pp. 389-391. 

1868.—Observations on collecting Specimens in Natural History, loc. 
cit., May, pp. 433-39. 

1868.—A Guide to the Geology of the Yorkshire Coast. Fourth 
[third] edition, 64 pp. 

1868.—A Guide to the Geology of the Yorkshire Coast [another and 
later impression]. Fourth edition, 64 pp. 

1881.—A History of England from the Revolution of 1688. Vol. I., 
The History of the Reign of William the Third. 260 pp. 

1881.—Synopsis of the Contents of the Whitby Museum. 8 pp. [First 
edition in 1867]. 

1884.—The Fossils of the Yorkshire Lias, 2nd edition, pp. xxiv.+ 256. 

1887.—A Guide to Whitby and the Vicinity. Second edition, 47 pp. 

1891.—Whitby Museum [summary of contents], 8vo, 4 pp. [This was 
subsequently reprinted, with slight alterations, by T. Newbitt.] 
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Jn Memoriam. 


HENRY CULPIN. 
(1861—1912.) 


HE loss of an amateur worker in Science is always a heavy one 

in a band that is diminishing in numbers, or is becoming merged 

in a crowd of professionals and semi-professionals. Culpin’s death 

was an especially severe blow, as it was wholly unexpected, and he 
died with his chief scientific work in an unfinished state. 


Henry Culpin was born on January 25th, 1861, at Walton, near 
Peterborough, receiving his early education at the neighbouring 
village school of Werrington, and subsequently at a private school in 
Peterborough. At the age of fifteen he entered the services of the 
Great Northern Railway at Peterborough as clerk, and subsequently 
became their Chief Locomotive Accountant at Doncaster. 


In the summer of 1912, Culpin appeared to be in the pride of health 
and strength. On the 23rd December, death from heart failure 
came suddenly to him, without giving any definite premonitory signs. 
He left a widow and three children, of whom the eldest son died fighting 
in France shortly after completing a brilliant university career at 
Oxford. Culpim was a Freemason attached to St. George’s Lodge, 
Doncaster. He was elected a member of the Yorkshire Geological 
Society in 1904. The best of Culpin’s life was given to his employers, 
but he found time to gather a good knowledge of English literature 
and foreign languages which helped him as a debater in literary and 
political meetings in Doncaster. 


His bent towards Geology appeared late in life, and his interest 
seems to have been excited by a course of University Extension Lectures 
on the Ice Age which he attended at Doncaster ; but this constituted 
the sole help, and all his scientific knowledge and practice was self- 
acquired. At Doncaster, he quickly attained a grasp of the outstanding 
problems relating to the geology of the district, and in excursions 
farther afield his views were always illuminating and his energy untiring. 


It is chiefly, however, in connexion with the Yorkshire Coal Measures 
that his name will be associated and his work highly valued. On this 
subject he had accumulated a vast amount of material, obtained by a 
systematic examination of every exploration for coal between Retford 
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and Selby. Fossils new to science and many additional zones were 
discovered, so that our knowledge of the fauna and flora of the York- 
shire Coal Measures was considerably extended. By means of this 
patiently collected knowledge he foretold the results of coal explorations, 
much to the astonishment of the mining engineers, who frequently - 
appealed to him for help, and who always received a generous response. 


Only a fraction of his work was published, but enough to show 
that with a longer lease of life and less exacting official work, he would 
have produced a philcsophical account of the history of the Coal 
Measures of his district. His contributed papers were fledglings, but 
they possessed strong wings. 

W. Grpson. 
July 13th, 1918. 


[A list of his published papers appeared in The Naturalist for 1913.| 
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WILLIAM CASH (1843—1914). 
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Ou Memoriam. 


WILLIAM CASH. 
(1843—1914.) 


ILLIAM CASH was born in Leeds in April 1843. He migrated 
to Halifax as a boy and entered the service of the Halifax and 
Huddersfield Union Bark, becoming eventually a manager. He took 
much interest in public life, and in 1889 was Chairman of the Halifax 
School Board at the time that his friend, J. W. Davis, was Mayor of the 
town, so that the rising Halifax was pretty fully penetrated with modern 
ideas of the proper position of science in the community. About 1893, 
Mr. Cash severed his connection with the bank and established himself 
in business as an accountant. When he retired from that profession, 
in somewhat straitened circumstances, shortly before his death, a 
Civil List pension was conferred upon and grants were made to him by 
the Murdoch Trustees, which were supplemented by an income from 
the scientific work upon which he was engaged. He died at 26 Mayfield 
Terrace South, Halifax, on December 16th, 1914. 


William Cash rendered inestimable service to the Halifax Scientific 
Society, of which he was one of the founders, and twice its president ; 
and he was also president of the Halifax Geological Field Club. He 
was elected as a Fellow of the Geological Society of London in 1876, 
and became a member of the Yorkshire Geological Society in the same 
year, and later was elected by the Council as a life member. To the 
Society he gave many hours of work, acting at one time as treasurer, 
and as joint editor with the Rev. W. Lower Carter of the Society’s 
publications from 1893, when he succeeded his friend, Mr. Davis, till 
1905, 


The place he filled in the scientific world of Yorkshire can perhaps 
be best conveyed if I sound a rather intimate and personal note. 


Little more than a year after my arrival in the North of England, 
I attended the meeting of the British Association at Manchester in 
August, 1887—a most notable gathering alike in the record attendance 
of members, in the number and eminence of the foreign guests, and in 
the importance of the papers that were communicated and discussed. 
Yorkshire was represented, among others, by a little circle including 


J. W. Davis, Thomas Hick, C. P. Hobkirk and William Cash; and 


x 
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the many hours that I spent in their society impressed me very deeply 
with the importance of the amateur work in science in Yorkshire and 
the generous spirit of comradeship that animated them all. They were 
naturalists of the best type, each a specialist in some one branch, but 
none restricted to a single subject ; men of wide interests and extensive 
reading. Among them all William Cash seemed to me, without dis- 
paragement of the others, to possess the widest outlook, and when I 
reflect upon the nearly thirty years during which our intimacy lasted, 
and note how his interests were maintained and even enlarged, I feel 
that Cash was as deeply imbued with the true spirit of a naturalist as 
any man I have met. 


It is difficult to say what were his primary interests—perhaps the 
study of the Carboniferous rocks and Coal Measure plants, a field of work 
in which he had distinguished himself by discovery of new types and 
by careful description of his finds ; but it is evident from the variety 
of his publications that he was by no means restricted to Palzeobotany 
and that Invertebrate Zoology had a large place in his activities, while 
either singly or in collaboration with Hick, who became assistant to 
Williamson in the Botanical Department of the Owens College, he 
wrote upon the structure and affinities of new types of Carboniferous 
plants, for the most part represented by sections by James Spencer, 
another notable Halifax worthy. Of these sections he accumulated a 
magnificent collection. With characteristic generosity he placed his 
treasures freely at the disposal of other experts when he thought that — 
they could make better use of them than he could himself. In this way 
many of Cash’s most important specimens came to be described by 
Professor W. C. Williamson, and some went to the great Continental 
paleobotanists with whom Cash corresponded. It is gratifying to 
know that the Cash Collection of Fossil Plants, almost in its entirety, 
is lodged in the Manchester Museum, along with a great deal of William- 
son’s material. 


In the course of his scientific work he found the need for a knowledge 
of foreign languages, and he became an adept in French, and acquired a 
good working knowledge of German, both of which he used to my ad- 
vantage in the last year of his life. His proficiency in these languages 
enabled him to maintain a correspondence with several eminent 
palzobotanists, particularly Professor Zeiller and the Graf zu Solms- 
Laubach. 
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At our first meeting I was as much attracted by the charm of Cash’s 
personality as by his sciertific sympathies. I was a young man just 
beginning to make my way in the world, and the help I derived from his 
encouragement is not easy to appraise. He sent me presents of books, 
many of which have been tools in constant use ever since. He lent me 
others, and in a multitude of ways assisted me—and it is a very gratify- 
ing recollection that during the last year of his life and down to the very 
day of his death, he found his principal occupation in work upon 
certain features of coal-seams in which we were jointly engaged. 


Cash’s amiable and sympathetic nature was for ever seeking some 
new object upon which to bestow its favours, and great numbers of 
young naturalists, some of whom have since attained distinction, 
owed their start in science, and not a few even their advancement in 
life, to his generosity and helpfulness. One of the most notable of 
these, I believe, was Walter Percy Sladen. Cash helped him very 
greatly and was his chief inspiration, and had Sladen lived it would 
assuredly have made a great difference to Cash’s later years. 


He devoted a great deal of his time to popular lecturing. He took 
great care in the preparation of his matter, and many new recruits 
were added to the numerous army of Yorkshire naturalists by his 
stimulating teaching ; nor was he satisfied with the mere germination 
of the seed. He watched over the Jater growth, and guarded it against 
the chills that might arrest or prevent its full development. 


Percy F. KENDALL. 


[A list of Wilham Cash’s papers and monographs appeared in The 
Naturalist for January, 1915. The Council are indebted to the Editors 
and Publishers of The Naturalist for the use of the accompanying 
portrait. 
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In Memoriam. 
BENJAMIN HOLGATE, F.G.S. 
(1838—1915). 


qe present-day geologists Benjamin Holgate was little more than a 

name, but he was well known, personally and through his work, to 
those of twenty or thirty years ago. Born in 1838, he passed away in 
1915, after a strenuous life, a great part of which was devoted to the 
service of his fellow-men. Born in humble circumstances, and com- 
mencing work at an early age, by dint of perseverance and good 
character, he eventually attained a very responsible position with what 
was one of the largest engineering firms in Leeds. He was a fine 
specimen of a “ self-educated ” man. Whilst still young, he began to 
take interest in the study of Nature, with a particular leaning towards 
Geology, which became more marked in the course of time, until he 
came to be recognised as a good amateur geologist, with a special 
knowledge of the Carboniferous rocks and their fossils, especially the 
plants. 


He had an intimate and commendable acquaintance with the geology 
of Leeds and its neighbourhood, and he was ever glad to have the 
opportunity of imparting his store of information to others, either by 
reading papers at meetings of local scientific societies, or by conducting 
excursions. A geological excursion under his guidance always attracted 
a large party, and his genial manner, homely descriptions and fund of 
anecdote drew many of those who came into contact with him on these 
occasions to take interest in our science, even if they could not be 
termed geologists. 


The diffusion of knowledge was one of his great aims in life; his 
anxiety was for others to participate in the intense pleasure and benefit 
he derived from the study of Nature. A request for a paper or lecture 
to a Young Men’s, Working Men’s, Mutual Improvement, or similar 
society, usually met with ready acceptance. Amongst such he did a 
most useful work. The connection ot the writer with Geology dates 
back to the early “ eighties,” after hearing two lectures by Mr. Holgate 


before such a society. 


Mr. Holgate joined our Society in 1875, and its Proceedings contain 
three contributions by him :—‘ The Minerals of the Yorkshire Coal- 
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field as Applied to the Modern Manvfacture of Iron, (1877) ” ; ‘“‘ Some 
Physical Properties of Coal, (1890); and ‘“ The Mode of Deposition 
and Properties of the Carboniferous Strata of Leeds and its immediate 
Suburbs (1892).” He also contributed papers to The Naturalist and The 
Transactions of the Leeds Naturalists’ Club and Scientific Association. 
He was one of the original members of the Leeds Geological Association, 
and for many years one of its most active workers. Its Transactions 
contain abstracts of many of his papers, the most important one being a 
detailed description and measurement of the Coal Measures of Leeds, 
made from sections in clay-pits which are now obliterated. He became a 
Fellow of the Geological Society of London in 1877, and contributed 
two papers on local geological matters at the meeting of the British 
Association in Leeds, in 1890. The Leeds Co-operative Field Club 
was founded by him, and under his guidance for many years a good 
work was done, which still continues. 


His activities were not confined to Geology. Societies in connection 
with his profession as engineer had the advantage of his wide learning 
and jong experience, and he was an active worker in the Church of 
Engiand. 


E. HAwKESWORTH. 


[The Council are indebted to the Editors and Publishers of The 
Naturalist for the use of the accompanying portrait]. 
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WILLIAM SIMPSON, F.G.S. 
(1859—1915.) 


HE death of William Simpson, of Catteral Hall, Settle, was a serious 
loss to the Society of which he was so active a member, as well 
as to his numerous personal and geological friends. 


Born on December 18th, 1859, Mr. Simpson was son of the late 
Thomas Simpson, of Halifax, and was for many years associated 
with the firm of Simpson & Sons, Ltd., cabinet makers, of Halifax 
and Blackburn, a business which had been established in the early 
days of the nineteenth century by his grandfather, John Simpson, 
a native of Rudston, near Bridlington. 


Beside acting as managing director of this business, Mr. Simpson 
was a director of the Calder and Hebble Navigation Company, and of 
Messrs. J. W. & C. Ward, Ltd., textile manufacturers. 


Until middle life he lived in Halifax, and in his youth came under 
the influence of the local group of naturalists who have left so 
strong a mark in Yorkshire scientific history. For many years he 
took a prominent part in the affairs of the Halifax Scientific Society, 
which body he served as president, and to which he gave several 
lectures, his special interest being the local geology of the Millstone 
Grit. He was a member of the Yorkshire Naturalists’ Union, and 
served for some years on the committee for observing and recording 
glacial boulders. He studied glaciology in Switzerland and Norway, » 
and in some of his addresses tuined the knowledge thus acquired to 
good account in the interpretation of the glacial geology of Yorkshire. 


He was elected a member of the Yorkshire Geological Society in 
1892, and as a Fellow of the Geological Society of London a few 
months later. Having served the Yorkshire Society for some years 
as local secretary for the Halifax District, and as auditor, he was in 
1906 elected as hon. treasurer, which office he held till 1911. His 
services in these capacities were invaluable to the Society, and were 
recognised, on his retirement, by his election as a vice-president. 
He gave his time ungrudgingly, not only to financial affairs, but 
to the work of the Society generally. 


WILLIAM SIMPSON, F.G.S. (1859—1915). 
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As a field geologist his activities were very noticeable, and his 
many contributions to the literature of geology indicate a wide range 
of research. Another phase of his work was displayed in the classic 
investigation of the Underground Waters of North-west Yorkshire 
(Proc. Yorks. Geol. Soc., Vol. XIV.), to which he gave aid in 
many ways. His presence on the excursions and field investigations 
of the Society was an incentive of the best kind, as his knowledge was 
wide and his deductions sound. 


After coming to reside at Catteral Hall, Giggleswick, Mr. Gimpson 
took a part in local affairs, and acted as a governor of the Giggleswick 
Grammar School. He died on March 20th, 1915. 


F. W. BRANSON. 


A List oF Paprrs, ETc., BY WILLIAM Simpson, F.G.S. 


“ Notes on the Strata and Deposition of the Millstone Grit. Proc. 
Yorks. Geol. Soc., Vol. XII., pt. 5, pp. 407-420 (1894). 

“The Millstone Grit of West Yorkshire.” Trans. Leeds Geol. 
Assoc., pt. 10, pp. 23-26 (1895). 

“Some Physiographical and Geological Features of the Parish of 
Halifax.” Halifax Naturalist, Vol. I., pp. 2-6, 26-29 (1896). 

“The Strata of the Parish of Halifax.” Halifax Naturalist, 
Vol. I., pp. 69-77 (1896). 

“The Structure and Composition of the Rocks in the Parish of 
Halifax.” Halifax Naturalist, Vol. II. pp., 70-76 (1897). 

“The Genesis of the Rocks in the Parish of Halifax.” Halifax 
Naturalist, Vol. I1., pp. 81-88 (1897). 

“Geology of Halifax: Yorkshire Naturalists’ Union Circular, 
No. 207 (1907).”” Trans. Yorks. Nat. Union, pt. 34 (1908). 

“* Record of a Boring made through the Grit Rocks of Halifax in 
1898-9 (to a depth of 377 feet) with notesthereon. Halifax Naturalist, 
Vol. IV., pp. 81-84 (1899). 

“Norland Clough : 1.—Its Geology.” Halfax Naturalist, Vol. V., 
pp. 30-32 (1900). 

“Notes on a Section exposed in Commercial Street, Halifax.” 
Halifax Naturalist, Vol. V., pp. 100-102 (1900). 

“Glacial Drift Deposits at Mytholmroyd.” Halifax Naturalist 
Vol. VI., pp. 93-96 (1901). 
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(With Rosert Law) “ Report on the Drift Deposits of Mytholm- 
royd.” Proc. Yorks. Geol. Soc., Vol. XIV., pt. 2, pp. 231-236 (1901). 

“Geology of Walsham Dean Waterworks.” Halifax Naturalist, 
Vol. VII., pp. 58-59 (1902). 

“ The Physiographical Geology of Shaw Site.” Halifax Naturalist, 
Vol. VII., pp. 81-88 (1902). 

“Records and Comparison of Three Deep Borings in the Millstone 
Grits at Halifax (namely, West End Dye Works 508 ft. ; Stone Trough 
Brewery 649 ft.; Mill Street Works 843 ft.). Proc. Yorks. Geol. 
Soc., Vol. XV., pt. 1 pp. 79-90 (1903). See also a different paper on 
same borings in Halifax Naturalist, Vol. VIIL., pp. 21-27, and p. 47 
(1903). 

“Notes on some of the Geological Features of the [Giggleswick] 
Cricket Field” (pp. 1-14). Reprinted Giggleswick Chronicle (Ap. Ist, 
1911). 
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JOHN WESLEY JUDD, C.B., L.L.D., F.B.S,, F.G.S. 
(1840-1916.) 


HE death, in fulness of years, of Professor J. W. Judd, which took 
place on March 3rd, 1916, leaves a memory of a wide range of 
observational work, very great powers of exposition, and a kindly 
spirit constantly made manifest in the encouragement and advancement 
of younger men. The biography and bibliography issued in his lifetime 
in the Geological Magazine (1905, p. 385) renders a detailed account 
of his career unnecessary. The present notice is a tribute to his con- 
tributions to our knowledge of the stratigraphy of Yorkshire and of 
neighbouring districts, and an expression of the loss felt throughout 
the British Isles by those privileged to receive his advice or to work 
with him in the laboratory and the field. 


After a varied apprenticeship in science as a schoolmaster and an 
analyst in Sheffield steel works, the result of a railway accident forced 
Judd towards an occupation that kept him in the open air. His first 
geological paper appeared in the Quarterly Journal of the Geological 
Society of London in, 1867, “ On the Strata which form the base of the 
Lincolnshire Wolds,” in which he was able to show that marine repre- 
sentatives of the Neocomian beds of the Continent occur in England. 
In two vertical sections, he compared the strata at Louth in Lincoln- 
shire with those of Speeton Cliff. In the same year he was invited to 
revise the Jurassic strata in Northamptonshire, Lincolnshire and 
Rutlandshire for the Geological Survey. A memorable paper on ‘‘ The 
Speeton Clay ” appeared in 1868 (Quarterly Journal of the Geological 
Society, vol. XXIV., p. 218), followed in 1870 by one on “‘ The Neocomian 
strata of Yorkshire and Lincolnshire, with notes of their relation to 
beds of the same age throughout Northern Europe ” (Lbid., vol. XXVI., 
p. 326). <A description of “The anomalous growth of certain fossil 
oysters” (Geological Magazine, 1871, p. 355) has an interest for 
geologists in Yorkshire, one of the most remarkable specimens, a 
Placunopsis bearing the impression of Goniomya, having been obtained 
from the Cornbrash beds of Scarborough. 

Judd’s memoir on “ The Geology of Rutland, and parts of Lincolr, 
etc.,” in explanation of Sheet 64 of the Geological Survey map, a work 
pleasantly illustrated by Frank Rutley, did not appear until 1875. 
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Meanwhile, he had joined the Education Department under Matthew 
Arnold as an Inspector of Schools ; but Jurassic rocks again attracted 
him, and the friendship of Lyell and Scrope enabled him to undertake 
considerable researches in the west of Scotland and on the Continent. 
flis papers on ‘‘ The Secondary Rocks of Scotland ” (Quarterly Journal 
Geological Society, vol. XXIX., p. 97: vol. XXX., p. 220, ard vol. 
XXXIV., p. 660) published between 1873 and 1878, not only proved 
the existence of Cretaceous strata in the Mull district, but gave renewed 
interest to MacCulloch’s work among the igneous rocks of the Inner 
Hebrides. Though, like MacCulloch, he failed to realise the eviderce 
that the granitic series of this area is intrusive in the certral gabbros, 
the actual succession of these rocks is of small importance compared 
with his exposition of their Cainozoie age and his recognition of the 
sites of huge volcanoes comparable in extent to Etna. Crystalline 
igneous rocks were at that time regarded by Continental authors as ot 
necessity older than the Eocene period—an obsession that infected 
France from Germany, and spread, under the influence of Rosenbusch’s 
pupils, even to the United States. Judd’s persistent advocacy of the 
application of Lyellian principles to the study of volcanoes saved 
British petrology trom the literary confusion, induced by these academic 
aberrations. His services to science in this respect may be com- 
pared with those rendered by Hutton, Playfair and von Buch in the 
eighteenth century when they broke the tyranny of the Wernerian 
domination. 


Judd’s appointment, in 1876, to the Professorship of Geology in 
the Royal School of Mines marks the beginning of a new epoch in the 
teaching of the subject. For the first time in the history of the institu- 
tion, students were given access to collections of specimens which they 
were encouraged to handle for themselves. The work of Sorby, whom 
Judd had met in Sheffield, bore fruit in organised courses in which the 
microscope played an important part. Those who, like the present 
writer, attended the lectures at Jermyn Street in 1876, and who found 
that Judd’s descriptions of natural processes were also lesssns in the 
“ humanities,” were led to take every opportunity of viewing earth- 
features in the field. After a trial course with a limited number of 
students in 1877, regular laboratory instruction in geology was or- 
ganised in the new buildings at South Kensington in the autumn. of 
1878, and the example thus set was followed by Cambridge, and 
subsequently by all the Universities in our islands. 
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The fact that for a long period geology was placed on the curriculum 
of every associate student in the Normal College of Science, as well as 
in the Royal Schoo! of Mines, brought some sixty men under Judd’s 
influence in every year. The Geological Surveys and universities of 
the English-speaking world in consequence bear testimony to much 
that was gained from his personality, in addition to the discipline 
acqvired from following his ordered modes ot work. 


In 1888, Judd contributed to the Proceedings of the Yorkshire 
Geological Society (vol. 1X., p. 474) a paper on “ The Relation between 
the Central Societies and the Local Ones ”’—an important subject 
that has been again raised by one of his pupils, Sir Thomas Holland, 
in an address in recent years. 


After his retirement from the duties of Professor and Dean at the 
Royal College of Science at South Kensington in 1905, Judd remained 
in constant touch with the progress of science and with his numerous 
geological friends. Increasing deafness prevented him from attending 
meetings during his later years, but he published a very characteristic 
work, “‘ The Coming of Evolution,” in 1909, as the first of the Cambridge 
_ Manuals of Science and Literature. In this he recorded, as a contem- 
porary and a fellow-worker, one of the greatest episodes in scientific 
progress. The pupil of Lyell and Darwin, the colleague of Huxley, 
and the organiser of systematic instruction in the subject that he loved, 
has left no finer tcstament than this volume, written in the ripe- 
ness of his later years. 


GRENVILLE A. J. COLE. 
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BIBLIOGRAPHY OF YORKSHIRE GEOLOGY, 1916-17.* 


BY T. SHEPPARD, M.SC., F.G.S. 


1915. 

CARRUTHERS, R. G., Eastwoop, T., Witson, G. V., Pocock, R. W., 
Wray, D. A., Dewey, H.; and Broomueap, C. E. N. Special 
Reports on the Mineral Resources of Great Britain. Vol. IL., 
Barytes and Witherite. Mem. Geol. Survey, pp. iv.+-93. 

SHerRLock, R. L. and Smrrx, B.—Special Report on the Mineral 
Resources of Great Britain. Vol. III., Gypsum and Arnhdrite, 
by R. L. Sherlock and B. Smith ; and Celestine and Strontianite, 
by R. L. Sherlock. Mem. Geol. Survey, pp. iv.+57. 

THomas, H. HamsHaw.—On Some New and Rare Jurassic Plants from 
Yorkshire: The Male Flower of Williamsonia gigas (Lind. and 
Hutt.). Proc. Camb. Phil. Soc., Vol. XVIII., part 38, p. 105. 
Abstract in Nature, March 11th, p. 55. 

—— On Williamsoniella, a new type of Bennettitalean-Flower. Phil. 
Trans. Roy. Soc, Ser. B., Vol. CCVII., pp. 113-148., pp. 12-14, 
1915. [See Nature, November 18th, p. 330]. 


1916. 

Anon.—Geology of Scarborough : Special Work [Review of Geological 
Survey Memoir]. Naturalist, Jan., pp. 5-6. 

—— Yorkshire (West Riding) [Quarries Report]. Quarry, May, p. 117. 

—— The Grassington Mines. WNatwralist, April, p. 120. 

—— Yorkshire (West Riding) [Quarrying in]. Quarry, Nov., p. 262. 

—— [Note on the Angram Dam, Yorks.]. Nature, March 9th, 1916. 

—— Climate of Geologic Time [notice of Charles Schuchert’s Memoir ; 
see under Schuchert, 1915]. Geol. Magq., March, pp. 129-130. 

—— Bibliography of Yorkshire Geology [review of]. Geol. Mag., 
March, pp. 131-2. 

Report of the Joint Discussion on Coal at the Newcastle Meeting 
of the British Association. Geol. Mag., Nov., pp. 511-518. 

—— Eminent Living Geologists: John Edward Marr [Memoir : list 
of papers, etc.]. Geol. Mag., July, pp. 289-295. 

—— Flints in Boulder Clay. Naturalist, Nov., p. 341. 

—— Obituary: C. T. Clough, M.A., LL.D., F.G.S., F.R.S.E., of the 

Geological Survey of Great Britain—born, December 23rd, 1852, 


*With afew omissions from the 1915 list. 
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died, August 27th, 1916 [refers to his wo:k in various counties]. 
Geol. Mag., November, pp. 525-527. 

—— Quarrying in September. Quarry, Nov. pp. 247-8. 

—— Professor Bonney on ‘ Certain Channels ’ [notice of]. Naturalist, 
May, pp. 145-148. 

—— Control of River Channels [notice of T. 8. Ellis’s paper]. Natur- 
alist, May, pp. 148-150. 

—— The Heterangiums of the British Coal-measures, by D. H. Scott 

[notice of]. Geol. Mag., March, pp. 123-4. 

Northern Mines and Quarries [particulars of Output, etc. ; from 

J. R. R. Wilson’s Report]. Naturalist, Jan., pp. 2-3. 

(signed ‘A. §.’). On Certain Channels [etc., by Prof. Bonney : 
review of]. Geol. Mag., May, pp. 229-230. 

AuLEN, H. A.—Catalogue of Types and Figured Specimens of British 
Cretaceous Gasteropoda preserved in the Museum of Practical 
Geology, London ; Appendix II., pp. 47-51 of Summary of Progress 
of Geological Survey for 1915, pp. iv.-+55. 

- ATKINSON, Jonn Botanp.—Muining and Quarrying [in North of Eng- 
land]. Brit. Assoc. Official Handbook to Newcastle and District, 
pp. 38-44. 

Bone, W. A.—Fuel Economy from a National Standpoint [with 
discussion]. Proc. Sheffield Soc. of Eng. and Metallurgists, part 1, 
pp., 3-35. 

{[BELINFANTE, L. L.: edited by]. Abstracts of the Proceedings of the 
Geological Society of London, Session, 1915-1916, Nos. 979-994, 
80 pp. 

Bryscuuac, F., Voet, J. H. L., and Krusu, P.—The Deposits of the 
Useful Minerals and Rocks: Their Origin and Content. Vol. IT., 
Trans. by 8. J. Truscott. London: pp. xxi.+515-1262. 

Birks, 8. GRanAM.—Megalichthys : a Study incorporating the Results 
of Work on previously undescribed Material. Trans. Nat. Hist. 
Soc. Northumberland, Durham and Newcastle, N.S. Vol. IV., part 
2, pp. 307-329. 

Bonney, T. G.— On Certain Channels.’ Reviewed in Geol. Mag., 
May, pp. 229, 230, by A. 8.; also by R. H. Rastall in Knowledge, 
May, p. 112. 

——On Glacial Lake Channels [a reply to P. F. Kendall and 
B. Smith]. Geol. Mag., March, pp. 141-2. 

BosweE Lt, P. G. H.—The Application of Petrological and Quantitative 
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Methods to Stratigraphy [very brief reference to Yorks]. Geol. 
Mag., March, pp. 105-111; April, pp. 163-169. 

The Petrology of the North Sea Drift and Upper Glacial Brick- 
earths in Kast Anglia. Proc. Geol. Assoc., Vol. XXVIL., part 2, 
pp. 79-98. 

Some Geological Characters of Sands used in Glass Manufacture. 
Geol. Mag., Oct., pp. 466-467. 

A Memoir of British Resources of Sands for Glass-making, with 


o> 
notes on certain crushed rocks and refractory materials. London : 


92 pp. 

Boutton, W. 8.—Address to the Geological Section [of the British 
Association: dealing with Coalfields, Petroleum, Underground 
Water, etc.]. Brit. Assoc. leaflet, 16 pp.; see also Nature, Oct. 
8th, pp. 100-103, Naturalist, Oct., pp. 309-310; and Geol. 
Mag., Dec., pp. 550-564. 

Brapsuaw, ©. [See J. Houmas]. 

BroomueEaD, C.E.N. [See R. G. Carruthers]. 

Buitman, G. W.—The Origin of Coal: a Suggestion. Knowledge, 
July, pp. 133-4. 

Burton, J. J.—Jurassic Flora Committee [Report of]. Naturalist, 
Jan., p. 45. 

CARRUTHERS, R. G., Pocock, R. W., Wray, D. A., Dewry, H.; and 
BrooMHEAD, C. KE. N. Special Reports on the Mineral Resources 
of Great Britain. Vol. IV., Fluorspar. Mem. Geol. Survey, 
pp. iv.+38. 

C[arter], W. L.—Geology ot the British Association. Nature, Oct. 
19th, pp. 138-9. 

Crouen, C.T. [See A. Strahan]. 

C[ote], G. A. J., Bibliography of Yorkshire Geology [Review of]. 
Nature, Feb. 17th, p. 675. 

Crick, G. C.—Notes on the Carboniferous Goniatite Glyphioceras 
versiculiferum De Koninch sp. Proc. Malacol. Soc., Vol. XIL., 
part 1, March, pp. 47-52. 

Cunnineton, C. H. [See A. Strahan]. 

Davies, A. Mortey.—The Zones of the Oxford Ampthill Clays in 
Buckinghamshire and Bedfordshire [brief reference to Yorks.]. 
Geol. Mag., Sept., pp. 395-400. 

DesLEy, R. M.—The Fluvio-glacial Gravels of the Thames Valley. 
Geol. Mag., Feb., pp. 57-64., March, pp. 111-117. 
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Dewey, H. [See R. G. Carruthers]. 

[See A. Strahan]. 

Dinnam, C. H. [See A. Strahan]. 

Eastwoop, T. [See A. Strahan]. 

Fawcett, C. B.—The Middle Tees and its Tributaries : a Study in River 
Development. Geograph. Journ. Oct. pp. 310-525. Abstract in 
Rep. Brit. Assoc. for 1915 (Manchester), pp. 493-4. 

FEARNSIDES, WILLIAM GEORGE.—Some efiects of earth movement on 
the Coal-Measures of the Sheffield District (South Yorkshire and 
the neighbouring parts of West Yorkshire, Derbyshire and Not- 
tinghamshire). Part 1. Trans. Inst. Min. Eng., Vol. L., part 3, 
pp. 573-624 and [Vol. LI.], part 5, pp. 109-125 (pp. 1-69 of reprint) ; 
also part II., loc. cit., Vol. LI., part 3, pp. 409-455 (pp. 71-117 of 
reprint). See also Naturalist, 1917, pp. 178-9. 

—— Fuel Economy after the War. Proc. Sheffield Soc. Eng. and 
Metall., part 1, p. 26. 

— On the Underground Contours of the Barnsley Seam of Coal in 
the Yorkshire Coalfield. Rep. Brit. Assoc. for 1915 (Manchester), 
pp. 425-6. 

Frett, J.S. [See A Strahan]. 

[GrttigaNn, ALBERT].—Annual Report [of Yorkshire Geological Society] 
for 1914. Proc. Yorks. Geol. Soc., Vol. XIX., part 2, pp. 67-69. 

— Annual Report [of the Yorkshire Geological Society] for 1915. 
Proc. Yorks. Geol. Soc., Vol. X1X., part 2, pp. 70-72. 

Hatuimonp, J. F. [See A. Strahan]. 

Hottoway, G. T. [See Frank Rutley]. 

Homes, J. and BrapsHaw, C. Geological Section [of Yorks. Natura- 
lists’ Union, report of]. Naturalist, Jan., pp. 44-45. 

Hoimes, T. V. [See A. Strahan]. 

Home, Gorpon.—The Evolution of an English Town: the story of 
the ancient town of Pickering in Yorkshire, from prehistoric times 
to 1905. Cheap edition, 320 pp. 

Hueues, T. McKenny.—Notes on the Fenland (with a Description of 
the Shippea Man, by Alexander Macalister). Cambridge: 35 pp. 

JOHNSTONE, M. A.—Geology [of Malton]. Naturalist, July, pp. 233-5. 

KENDALL, Percy Fry.—Glacier Lake Channels [a reply to Prof. 
Bonney’s pamphlet ‘ On Certain Channels attributed to overflow 
streams from ice-dammed lakes,’ 1915]. Geol. Mag., Jan., pp. 
26-29 ; Feb., pp. 77-81. 
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KeEnnarD, A. S.—The Pleistocene Succession in England [brief reference 
to Yorks.]. Proc. Prehistoric Soc. East Anglia., Vol. II., part 2, 
pp. 249-267. 

Kine, W. B. R.—[See A. Strahan]. 

Krusu, P. [See F. Beyschlag]. 

Lesour, Nona.—Amber and Jet in Ancient Burials : their Significance. 
Trans. and Journ. of Proc. Dumfriesshire and Galloway Nat. 
Hist. and Antig. Soc., 1914-15, 3rd series, Vol. III., 1915, published 
1916, pp. 106-120. 

Louis, Henry.—The Iron and Steel Industry of Northumberland and 
Durham [includes Cleveland]. ‘ Brit. Assoc. Official Handbook to 
Newcastle and District,’ pp. 45-67. 

MACALISTER, ALEXANDER. [See T. McKenny Hughes, ]. 

Masten, A. J.—The Principal Groups of Fossil Plants [refers to the 
Coal-balls from the Halifax Hard Bed, Yorkshire Oolites ete., | 
Proc. Geol. Assoc., Vol. XXVII., part 1, pp. 62-64; part 2, p. 
65. 

MERRILL, Grorce P.—Handbook and Desc-iptive Catalogue of the 
Meteorite Collections in the United States National Museum, 
Smithsonian Institution Bulletin 94, pp. x.-+ 207 [p. 199, 
‘Wold Cottage, Yorkshire, England—Stone, C. W. A.; Fragment 
with crust and polished surface, weighing 13°02 grams. Fell 
December 13th, 1795, 3-30 p.m.]. 

Morrram, THomas H.—Quarries Inspection, Reports, 1915, York and 
Midland Division. Quarry, Nov., pp. 254-5. 

—— Quarry Inspections Reports, 1914. Mr. Mottram’s Report on the 
York and North Midland Division (No. 3): 1—Report under 
the Metalliferous Mines Act. Quarry, Feb. pp. 39-43. 

Paris, E. Tatpor; and RicHarpson, Linspatyt.—Some Inferior- 
Oolite Pectinide [brief reference to Yorks.]. Quart. Journ. Geol. 
Soc., Vol. LX XI, part 3, Sept., pp. 521-535. 

Pocock, R. W. [See R. G. Carruthers]. 

Rastatt, R. H. Agricultural Geology. Cambridge: x.+331 pp., 
reviewed in Naturalist, Nov., p. 355. 

—— [Review of] the Geology of the Country between Whitby and 
Scarborough. 2nd edition, 1915. Geol. Mag., Sept., pp. 423-4. 

— On Certain Channels attributed to Overflow Streams from Ice- 
dammed Lakes, by T. G. Bonney [review of]. Knowledge, May, 
p. 112, 
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A Bibliography of Yorkshire Geology, by T. Sheppard [review 
of]. Knowledge, May, p. 112. 

R{astatt], R. H.—The Jurassic Plants of Yorkshire [notice of Survey 
Memoir]. Knowledge, Aug., p. 164. 

Reap, H.H. [See Frank Rutley]. 

R{zynotps], S. H—Obituary: Arthur Vaughan, B.A. (Cant.), 
M.A. (Oxon), D.Sc. (Lond.). Born March, 1868; died December 
3rd, 1915 [with portrait and list of papers]. Geol. Mag., Feb., 
pp. 92-96. 

RicHarDson, Linspauu. [See E. Talbot Paris]. 

and Turcuer, J. W.—On Pteromya crowcombeia Moore, and 
some Species of Pleuromya and Volsella from the Rhetic and 
Lower Lias. Proc. Yorks. Geol. Soc., Vol. XIX., past 11., pp. 51-58. 

Rutiey, Franx.—Elements of Mineralogy, by Frank Rutiey ; Revised 
by H. H. Read; Introduction by G. T. Holloway. Nineteenth 
edition. London: xxii.+394 pp. [many northern localities for 
mineral sites]. See review in The Naturalist, Nov., p. 355. 

Scort, D. H.—The Heteranguims of the British Coal-Measures [notice- 
of Brit. Assoc. leaflet]. Geol. Mag., March, pp. 123-4. 

SuepparD, T.—Glacial Beds at Hunmanby, E. Yorks. Naturalist, 
Aug., pp. 248-9. 

—— Bibliography of Yorkshire Geology, 1915. Proc. Yorks. Geol. 
Soc., Vol. XIX., part 2, pp. 59-66. 

Brayton Barff [near Selby, geological notes on]. Circular 269, 

Yorkshire Naturalists’ Union, p. 2. 

Yorkshire’s Contribution to Science with a Bibliography of 
Natural History Publications. vill.+233 pp; reviewed in 

_ Naturalist, May, p. 150; Geol. Mag., June, p. 282. 

—A Yorkshire Dene Hole [at Cottingham. See also under 1915} 

‘Hull Museum Publications, No. 109.’ 

Bibliography: Papers and Records relating to the Geology 
and Paleontology of the North of England (Yorkshire excepted), 

_ published during 1915. Naturalist, Feb., pp. 67-74. 

S[seprarD], T.—In Memoriam. John W. Judd, C.B., F.R.S. [refers. 
to Judd’s work in Yorkshire]. Naturalist, April, p. 144. 

S[werBorn], C. D.—Bibliography of Yorkshire Geology (C. Fox- 
Strangway’s Memorial Volume). Proc. Yorkshire Geol. Soc., 
Vol. XVIII. By T. Sheppard [review of]. Naturalist, Feb., p. 52 ; 
see also review by R. H. Rastall in Knowledge, May. p. 112. 
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Smrumons, W.C. [See A. Strahan]. 

Simpson, J. R.—Edestus newtoni at Brockholes. Naturalist, Nov., 
pp. 352-3. 

SmitH, STanLEy, Aulina rotiformis, gen. et. sp. nov., Phillipsastrea 
hennahi (Lonsdale), and the genus Orionastrea. Abstract in 
Geol. Maj., Dec., pp. 574-575. 

—— The Genus Lonsdaleia and Dibunophyllum rugosum (Mc.Coy). 
Quart. Journ. Gecl. Soc., Vol. LXXI., part 2 (No, 282), Feb. 23xd, 
pp. 218-272. 

StTaINIER, X.—The Connexion between the North-Western European 
Coalfields. Trans. Manch. Geol. and Min. Soc., Vol. XXXTV., 
part 9, pp. 337-391. Discussion in part 10, pp. 429-430. 

StatHEr, J. W.—Glacial Committee [report of]. Naturalist, Jan., p. 45. 

[Stewarpson, H. C.].—Catalogue of the more important Papers, 
especially those referring to Local Scientific Investigations, 
published by the Corresponding Societies, during the year ending 
May 3lst, 1915. Rep. Brit. Assoc. for 1915 (Manchester), pp. 
801-815. 

StraHAN, A.—The Search for New Coal-fields in England [abridged 
for lecture delivered at the Royal Institution]. Nature, June 
Ist, pp. 292-294. 

SrrawAN, A., Fuett, J. S., Dingam, C. H., Ctovuenu, C. T., Eastwoon, 
T., and Hattrmonp, J. F.—Special Report on the Mineral 
Resources of Great Britain. Vol. V., Potash, Felspar, Phosphate 
of Lime, Alum, Shale, Plumbago or Graphite, Tale and Steatite 
(Soapstone, Soap-rock and Potstone), Diatomite, Mem Geol. 
Survey, pp. iv. + 41. 

Strawan, A., Hotmes, T. V., Dewry, H., Cunnineton, C. H., 
Smumons, W. C., Kine, W. B. R.; and Wray, D. A.—On the 
Thickness of Strata in the Counties of England and Wales, 
exclusive of rocks older than the Permian. Mem. Geol. Survey, 
1916, pp. 172. 

Srupss, FrepxK. J.—The National Neglect of Peat. Lancs. and Ches. 
Nat., Jan., pp. 369-374. 

Taytor, J. W.—Monograph of the Land and Freshwater Mollusca of 
the British Isles. Part 22, pp. 1-64 [refers to fossil and sub-fossil 
shells in various northern localities]. 

Truscott, S. J. [See F. Beyschlag]. 

Tutcuer, J. W. [See L. Richardson]. 
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VauGuHan, ArTHuR.—The Knoll Region of Clitheroe, Bowland and 
Craven. Proc. Yorks. Geol. Soc., Vol. X1X., part II., pp. 41-50. 

—— Shift of the Western Shore-Line in England and Wales during 
the Avonian Period. Rep. Brit. Assoc. for 1915 (Manchester), 
pp. 429-430. 

Voet, J.H.L. [See F. Beyschlag]. 

Watson, Jonn.—British and Foreign Marbles and other Ornamental 
Stones: a Descriptive Catalogue of the Specimens in the Sedg- 
wick Museum, Cambridge. Cambridge, pp. x.+485. Reviewed in 
Quarry, Oct., pp. 221-224. 

Wretanp, G. R.—La Flora Liasica de la Mixteca Alta [figs. (p. 83) 
Williamsonia gigas and (p. 104) W. whitbynsis (sic) from the 
Yorkshire Coast; also figs. on pp. L.]. Instituto Geologico de 
Mezico, Boletin No. 31, pp. vi.+165. Atlas, 24 pp., and 50 
plates [text published in 1914; the altas in 1916]. 

Witmore, A.—A Sketch of the Structure of the Northern Pennines. 
Brit. Assoc. Leaflet, 3 pp.; Geol. Mag., Dec., pp. 547-550. 

Witson, J. R. R.—Quarries Inspection Reports, 1915, Northern Divi- 
sion. Quarry, Nov., p. 254. 

WoopuEaD, T. W.—Geology [Report on] Ann. Rep. Huddersfield 
Nat. and Photo. Soc., 1915, 1916, pp. 9-10. 

— A Quern at Huddersfield [of Millstone Grit]. Naturalist, Dec., 
p. 376. 

Woopwarp, A. SmitH.—On a New Specimen of the Liassic Pachy- 
cormid Fish, Sauwrostomus esocinus, Agassiz [brief reference to 
Yorkshire examples]. Geol. Mag., Feb., pp. 49-51. 

—— On a new species of Edestus from the Upper Carboniferous of 
Yorkshire. Abstract in Geol. Mag., Aug., pp. 381-2. Nature. 
Oct. 26th, pp. 102-3. 

Wray, D. A. [See R. G. Carruthers]. 

—— [See A. Strahan]. 


1917. 


Anon.—A Coalfield in the Fenland [notice of Prof. Fearnsides’ paper]. 
Naturalist, June, pp. 178-179. 

—— The Supply of Iron Ore [notice of Prof. Fearnsides’ paper] 
Naturalist, June, p. 179. 

——Geological Photographs [see under W, W, Watts]. Naturalist, 
June, pp. 179-180. 


y2 


o« 


338 SHEPPARD : YORKSHIRE GEOLOGY, 1917 


ANoNn Aclisina [notice of Mrs. Longstafi’s paper]. Naturalist, June, p.182. 

—— Evolution of Geological Maps; Early Reference to Geology ; 
Soil Maps ; The First Geological Map ; Later Maps [see also under 
T. Sheppard]. Naturalist, July, pp. 213-214. 

—— Sands for Glass Making [notice of P. G. H. Boswell’s Memoir ; 
see under Boswell, 1916]. Naturalist, May, p. 148. 

—— Carboniferous Corais; Diagnoses; Discussion [K. J. Garwood] 
[notice of Stanley Smith’s paper on Aulinia rotiformis, etc.]. 
Naturalist, February, pp. 51-53. 

—— Glass Sands, British and Foreign [review of P. G. H. Boswell’s 
book]. Quarry, Feb., pp. 25-27. See also under P. G. H. Boswell, 
1906. 

—— Richard Hill Tiddeman, M.A. (Oxon.), F.G.S., ete. Born Febru- 
ary llth, 1842; Died February 20th, 1917. Geol. Mag., May, 
pp. 238-239. 

—— Eminent Living Geologists: Alfred Harker, M.A., LL.D. (McGill), 
E.R.S., [etc.]. Geol. Mag., July, pp. 289-294. 

—— The Interglacial Problem ; the Kirmington Deposit ; Correlation 
of Deposits [notice of W. B. Wright’s paper]. Naturalist, Nov., 
pp. 345-346. 

—— Manchester Geological and Mining Society [nctice of Dr. G. 
Hickling’s paper]. Naturalist, Dec., pp. 370-371. 

—~—- The Ingleton Slates [notice of J. F. N. Green’s paper]. Naturalist, 
Dees piesa: 

—-~—- Natural History 150 Years Ago [geological notes]. Naturalist, 
March, pp. 84-85. 

—— The Belemnite; Lias Specimens; Tentacles of Belemnites 
[Notice of G. C. Crick’s paper]. Naturalist, Feb., pp. 54-55. 

—— Hdestus newtoni [notice of A. Smith Woodward’s paper]. Natura- 
list, Aug., p. 245. 

—— Echinoidea Holectypoida [notice of H. L. Hawkins’s paper]. 
Naturalist, Aug., p. 246. 

—— Oorrelation of Jurassic Chronology; The Armatum Zone ; 
Ammonite Nomenclature [notice of 8. 8. Buckman’s paper]. 
Naturalist, Aug., pp. 243-244. 

—— Fossil Plants; Jurassic Plants [notice of Prof. A. C. Seward’s 
book]. Nataralier Sept., pp. 273-4. 

—— [Signed ‘V. C. I.’]—The Development of British Oil Shale 
Resources. Nature, Feb. 22nd, pp. 494-495, 
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Batuer, F. A.—Hydreionocrinus verrucosus n. sp. Carboniferous, 
Isle of Man. Trans. Geol. Soc. Glasgow., Vol. XVI., part 2, pp. 
203-206. 

——Some British Specimens of Ulocrinus. Trans. Geol. Soc. 
Glasgow, Vol. XVI., part 2, pp. 207-219. 

BELiInFANTE, L. L.—[edited by]; Abstracts of the Proceedings of the 
Geological Society of London. Nos. 995-1010, 101 pp. 

Berti, ALFRED.—The Shells of the Holderness Basement Clays. Nat- 
uralist, March, pp. 95-98, April, pp. 135-138. See also notice in 
Geol. Mag., Oct., p. 477. 

BosweE.tt, P. G. H.—Some Geological Characters of Sands used in 
Glass Manufacture. Rep. Brit. Assoc. for 1916 (Newcastle), pp. 
401-402. 

—— A Supplementary Memoir on British Resources of Sands and 
Rocks used in Glass Manufacture, with Notes on Certain Refractory 
Materials. With contributions by W. B. Wright, H. F. Harwood, 
and A. A. Eldridge. London, 92 pp.: see Nature, Jan. 10th, 
1918, p. 368. 

BosweE Lt, P. G. H.; Cote, GRENVILLE A. J.; Davirs, ARTHUR MoRLEY; 
Davison, CHARLES; Evans, JoHN W.; Grecory, J. WALTER; 
Harker, ALFRED; JONES, OWEN THOMAS; KENDALL, Percy Fry; 
RicHARDSON, LinspDALL; Watts, WILLIAM WHITEHEAD; WHITE, 
H. J. Osporneé. Handbuch der regionalen Geologie. III., Band 
I., Abteilung, The British Isles, 20, Heft. Band III., 3, Heidel- 
berg, 1917. 354 pp. 

- Bosworts, G. F.—Agriculture and the Land [brief reference to Cozst 
Erosion]. Cambridge, 93 pp. 

Boutton, W. S8.—{Presidential Address to Section C. (Geology) ; 
deals with the Development of Concealed Coalfields, Geology of 
Petroleum; Underground Water, etc.]. Rep. Brit. Assoc. for 
1916 (Newcastle), pp. 378-393. 

Brapsuaw, C. [See J. Holmes]. 

- Buckman, 8. 8.—Correlation of Jurassic Chronology. Abstract in 

Geol. Mag., July, pp. 332-334. See also Naturalist, Aug., pp. 

243-4. 

- Bywater, Freprerick J.—Refractory Material [reprinted from Trans. 
Inst. Gas Engineers, 1908]. Trans. Faraday Soc., Vol. XII. 
(pp. 32-50 of reprint). 

Cote, Grenvitte, A. J. [See P. G. H. Boswell]. 


340 SHEPPARD : YORKSHIRE GEOLOGY, 1917 


Datton, W. H.—On the Oil Prospects of the British Isles. Journ. 
Inst. Petrol Technol., Vol. 1V., pp. 37-62. [Abstract in Nature, 
Dec. 27th, p. 336. 

—— On the Oil Prospects of the British Isles. Journ. Inst. Petroleum 
Technol., Vol. IV., No. 13, pp. 37-62. 

Davies, ArTHUR Morey. [See P. G. H. Boswell]. 

Davison, CHartes. [See P. G. H. Boswell]. 

Eupripe@r, A. A. [See P. G. H. Boswell]. 

Evans, Joon W. [See P. G. H. Bosweil]. 

FEARNSIDES, WILLIAM GEORGE.—Howard Lectures on the Shortage of 
the Supply of Non-phosphoric Iron Ore. Royal Soc. Arts, 38 
pp. Abstract in Nature, Nov. 22nd, pp. 234-238, and Naturalist, 

June, p. 179. 

Supplies of Refractory Materials available in the South Yorkshire 

Coalfield. Trans. Inst. Min. Eng., Vol. LII., part 2, pp. 261-279 

(pp. 1-19 of reprint). 

—— Refractory Materials in South Yorkshire. Quarry, Jan., pp. 8-15. 

[See D. H. Scott]. 

GarDIneR, C. J—The Natural History of Coal. Proc. Cheltenham 
Nat. Scr. Soc., N.S., Vol. III., part 3, pp. 1-14. 

Garwoop, E. J. [See Anon.]. 

Gipson, W.—On a Deep Boring for Coal at Pollington, Yorkshire. 
Appendix I., Summary of Progress of the Geological Survey for 
1916, pp. 29-34. 

Gituigan, A.—The Lithology of the Millstone Grit [report of lecture 
to Liverpool Geological Society]. Lancs. and Ches. Nat., Dec. 

1916 [published, 1917], p. 240; also in Geol. Mag., March, pp. 

137-8. 

Norwegian Boulder in the Millstone Giit of Yorkshire. Natural- 

ist, Feb., pp. 56-57. 

The Occurrence of the Rare Mineral Monazite in the Millstone 

Grit of Yorkshire. Naturalist, March, pp. 87-88. 

Green, J. F. N.—The Age of the Chief Intrusions of the Lake District. 
Proc. Geol. Assoc., Vol. XXVIII., part 1, pp. 1-30. See also 
Nature, Sept., 27th, p. 72. 

——Note on the Correlation of the Ingleton Slates. Proc. Geol. 
Assoc., Vol. XXVIII., part 2, pp. 95-97; see also Naturalist, 
Dec., p. 371. 

Grecory, J. WALTER. [See P. G. H. Boswell]. 
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Groves, JamEs.—Clement Reid, F.R.S., 1853-1916 [obituary notice ; 
briefly refers to his work in Yorkshire, etc.]. Journ. of Botany, 
June, pp. 145-151, 

HADFIELD, Ropert.—Introductory Address on ‘ Refractory Materials.’ 
Trans. Faraday Society, Vo. XII, and pp. 1-32 of reprint. 

Harker, ALFRED. [See P. G. H. Boswell]. 

Harwoop, H. F. [See P. G. H. Boswell]. 

Hawkins, Herpert L.—Morphological Studies on the Echinoidea, 
Holectypoida and theic Allies. Geol. Mag., April, pp. 160-168 ; 
also Naturalist, Aug., p. 246. 

Heatu, H. Franx,—Report on the Resources and production of Iron 
Ores and other Principal Metalliferous Ores used in the Iron and 
Steel Industry of the United Kingdom. Dept. of Scientific and 
Industrial Research Advisory Council, 1917. 145 pp. 

Hickiine, Grorce.—A Contribution to the Micro-petrology of Coal. 
Trans. Manch. Geol. and Min. Soc., Vol. XXXV., part 4, pp. 
117-138. See also Naturalist, Dec., pp. 370-571. 

Homes, J. and BrapsHaw, C. Geological Section [Yorkshire Natura- 
lists’ Union, report of]. Naturalist, Jan., pp. 45-46. 

JONES, OWEN THomas. [See P. G. H. Boswe tt]. 

KENDALL, Percy Fry.—Note on the Correlation of Certain Seams of 
the Yorkshire Coalfield. Trans. Inst. Min. Eng., Vol. LIV., 
part 2; pp. 67-76. 

—— [See P. G. H. Boswell]. 

—— [See D. H. Scott]. 

Lister, J. H., and Stopss, J. T. Erratics in Coal-seams, with special 
reference to new discoveries in North Staffordshire. Trans. 
North Staffs. Field Club, Vol. LI., pp. 33-47. 

Lomax, JAMES. [See D. H. Scott]. 

LonestaFF, JANE (née DonaLp).—Supplementary Notes on Aclisina 
De Koninck and Aclisoides Donald, with Descriptions of New 
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. .ON THE SUPPOSED RAISED BEACH AT.SALTBURN., 
; By G. W. Lamptuen, F.R.S. 
(Read November 26th, 1919.) 


The supposed presence of a Raised Beach of Post-Glacial age at 
Saltburn, at 35 feet above high-water mark, has afforded one of the 
minor problems in the geology of the Yorkshire Coast. The * beach ’ 
was first described by Dr. W, Y. Veitch in the Proceedings of our 
Society for 1883 (N.S. Vol. VIII., pp. 221-6), and was referred to 
shortly afterwards by Mr. G. Barrow in his memoir, “ The Geology of 
North Cleveland ” (Mem. Geol. Surv., 1888, p. 71). Dr. Veitch describes. 
the ‘ beach’ as “a band of alluvial sand containing shells and frag- 
ments of shells,’ of which six kinds are mentioned, all common on the 
present shore (Purpura, Littorina, Trochus, Lachesis minima and 
Cypraea europaea) ; and states that it was exposed in the steep drift- 
slope below Saltburn in operations by the Saltburn Improvement. _ 
Company, the deposit “‘ extending 70 or 80 yards from the bridge up 
Saltburn Beck, where it abruptly comes to an end,” He also found 
shells at about the same level “ south” [east] of the beck, on the 
seaward slope of Cat Nab, and considered that they indicated a con- 
tinuation of the beach. Mr. Barrow gives practically the same par- 
ticulars, and endorses the view that the deposit represents a Raised 
Beach, though he notices the abnormal circumstance that a beach of 
this kind should be preserved in a perishing cliff of soft Glacial beds. 
and should be absent from the neighbouring rocky headland of Huntecliff, 
composed of much more durable Liassic strata. 

The main reason why this * beach’ has always been questionable 
is that a Post-Glacial submergence of the amount implied would have 
inundated wide tracts of the adjacent lowland south of the Tees ; and, 
unless the submergence were confined in a perplexing way to one small 
area only, the sea farther south would have entered upon the land at 
several places and would have extended over a large part of Holderness. 
But nowhere else in the coast-sections of Yorkshire has any indication 
of Post-Glacial submergence been found*; on the other hand, there 


*In our Proceedings for 1883, in juxtaposition with Dr. Veitch’s 
paper, there is a short note (p. 220) by the Rev. J. 8. Tute on ‘* Some 
Indications of a Raised Beach at Redcar,’ recording the occurrence 
‘of Rissoa ulva, with broken mussel and cockle shells, in sandy clay in 
foundations of houses at Warrenby, where the surface is stated to be 
about 14 feet above high-water mark. On a flat shore like that west 
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is everywhere, both on the coast and in the interior, strong evidence 
that all the low ground south of the Tees (except the new land at sea 
level due to the accretion of warp, etc.) has been under subaerial 
conditions continuously from the close of the great glaciation to the 
present day. 

With this difficulty in mind, I sought to examine the deposit 
some years ago when investigating the drift-sections of the coast. 
But the exposures seen by Dr. Veitch had been covered up, and I 
could make out nothing except that there was a terrace-like feature, 
covered with sandy soil, in the cliff of boulder-clay on the western side 
of the beck, where the ravine is truncated by the shore-line. From 
its sheltered and recessed position, however, it seemed unlikely that 
the terrace could have been cut by the sea. 

On revisiting Saltburn in the early summer of the year 1917, 
I found that excavations had been made right across the terrace, and 
also along the sloping cliff on the opposite side of the beek, behind 
Old Saltburn, where Dr. Veitch found’ the shells that he regarded as a 
further mdication of the ‘beach.’ These excavations afforded a 
most advantageous opportunity for examining the deposit, and this, 
by permission of the military authorities, I was able to do. 

The excavations north and west of the ‘ hair-pin’ bend in the 
road.down from the Zetland Hotel to the beach and bridge were made 
along the north-western part of the terrace, and were continued beyond 
its termination in the boulder-clay slope of the outer cliff. They were 
about 5 ft. deep, and were for the most part entirely in sand, but 
touched boulder-clay at the bottom at one place, and also showed the 
sand ending off against a sloping bank of boulder-clay where the 
terrace-like feature disappeared. There were no beach-pebbles in the 
sand, even where it was seen to rest on boulder-clay; but in one 
place it contained a thin streak of small bits of shale. A few weathered 
marine shells, mostly Littorina, were scattered among the sand, and 
in the upper part it contained small land shells (Helix and Pupa?). A 
piece of retten wood, 3 or 4 inches long, was also noticed. 

The excavations south and east of the same road, both within 
and to the south of the ‘hair-pin’ bend, revealed the structure of 
the remainder of the terrace, up to its southward termination in the 


of Redcar, some of the lighter marine waste is always pushed above 
high water mark by storm-waves, and onshore winds, and its occurrence 
at this low level is no proof of submergence. 
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slope of the ravine of Skelton Beck, just within the boundary of the 
pleasure-grounds. On the flat part of the terrace the continuation 
of the sand was seen, up to a depth of 6 ft., again with a few shells, 
including two species of Littorina (some being of large size), Nata, 
Trochus, Cardium (fragmentary), and the small land shells as before. 
Just under the fence of the gardens some large slabby stones, up to 
8 inches in diameter, occurred half-way down in the sand, along with 
some smaller stones reddened by fire, the whole being suggestive of 
an old hearth-place. In another spot a lenticle of subangular gravelly 
wash, up to 9 inches thick, set in between the sand and the underlying 
red boulder-clay. It contained no shells and was not like a beach- 
gravel, but resembled river-wash. 

Where the terrace narrowed toward its southern termination, the 
sand became mixed and streaked with red loam, evidently the result 
of rain-wash from the neighbouring slope of boulder-clay. A more 
clayey rain-wash covered the slope a little farther southward, where 
there was no sand, and this clay-wash (which might readily be mistaken 
for boulder-clay in place), itself contained some large periwinkle shells, 
like those in the sand. 

At the opposite or eastern side of the valley, the sections ran 
continuously along the steep slopes of the weathered cliff of drift 
behind Old Saltburn, at about the same level as on the western side. 
They were all in red boulder-clay, with here and there a patch of silt 
or of clayey gravel, evidently recent slope-wash, but in three or four 
places they crossed superficial pockets of shells of Littorina and Patella. 
These shell-pockets were a foot or two wide and two or three inches 
deep, and in one place included some bits of bone. They were clearly 
artificial ‘ kitchen-midden ’ heaps, and probably of no great antiquity. 
Heaps of limpet shells of this kind are commonly left in such situations 
in the recesses of the coast by fishermen in baiting their lines; but I 
am not aware that the periwinkle is used in this way for bait. The 
shells noticed by Dr. Veitch on this slope are explained by the presence 
of these pockets, which have certainly nothing to do with a raised 
beach. 

As regards the terrace with its sandy deposit west of the beck, I 
am satisfied, after seeing the sections, that this also is not a raised | 
beach, although the feature at first sight suggests such origin. The 
sand has all the characteristics of a blown sand. In structure, texture 
and general aspect, it resembles the blown sand of adjacent slopes. 
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The coast from Saltburn to Redcar is exposed to all winds between 
north-west and north-east, and at low tide these winds cross bread 
tracts of bare sand before reaching the cliff, with the result that sand 
is driven up far above high-water mark on the lower slopes of any 
crumbling bank of drift that fronts the shore. Even where the cliff 
rises well over the 100 ft. contour, north-west of the Hazel Grove ravine, 
its sloping portions are veneered quite to the top with blown sand. 
The presence of sporadic marine shells in the sand of the terrace 
is no proof that it is an old beach. The smaller shells—Lachesis and 
Cypraea—are of kinds readily blown by the wind, while the heavier 
shells are such as may have been distributed by sea-birds and by 
man, whose agency is clearly indicated by the burnt stones mentioned 
above. Anyone who has scrambled about on the steep grassy slopes 
that front the sea in many of the little bays of the Yorkshire coast 
will remember how common it is to find accidentally transported shells 
and shell-fragments upon them, and, in consequence, how careful one 
has to be, in searching for shells in the drift deposits, to distinguish 
between these and the true drift-shells. The fact that some shells 
similar to those in the supposed beach-sand are present also in the 
clayey rain-wash of the slope, as I have mentioned in describing the 
sections, is further evidence for the accidental distribution of the 
‘shells; and the ‘ shell-pockets* on the Old Saltburn slope were seen 
‘to be, beyond doubt, artificial. | 
The terrace-feature which has perhaps afforded hitherto the most 
‘generally-accepted presumptive evidence for the supposed beach 
remains to be dealt with; and I think that it can be very simply and 
satisfactorily explained. It is almost certainly an old erosion-terrace 
of Skelton Beck, before the ravine was cut down to its present level 
and w hen its mouth lay to the seaward of its present position. Below 
the point, over half a mile inland, where the beck leaves a narrow rock- 
gorge, a wide trough has been carved entirely in the Glacial drifts ; 
and all along this trough (now the picturesque Pleasure Grounds of 
Saltburn) there are remnants of old erosion-flats, here and there at 
various levels, marking stages of the down-cutting. Close to its 
present mouth the valley expands, owing to the confluence of two small 
streams on the eastern side, which have cut the deep gullies in drift 
known respectiv ely as Saltburn Gill and Little Dale. As is usual 
under such conditions, the terracing of the main valley has been 
accentuated around the confluence ; and the small embayment on the 
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western side, which carries the supposed raised beach, occurs just where 
the main stream is likely to have been driven against the western slope 
by the agency of its eastern tributaries. If it be recognized, as I think 
it must, that the platform has had its origin as a river-terrace, all 
difficulties as to its position disappear ; and there is seen to be a corres- 
ponding feature at about the same level on the opposite side of the 
valley, on the spur between the main beck and its chief tributary. 
The fluviatile aspect of the patch of gravelly wash seen beneath the 
sand in the recent cuttings on the terrace lends further support to my 
opinion that the platform has not been cut by the sea, but by the beck. 

At the time that the terrace was formed it would, of course, be 
well within the valley, which must then have extended some distance 
farther northward than now before reaching the sea. The drift-cliffs 
up to the setting in of the solid Liassic rocks east of Old Saltburn show 
every indication of steadily wasting land, and the encroachment of the 
sea must have been in progress here until it was checked by the artificial 
defence-works. The persistence of the terrace-feature on this wasting 
coast, on the supposition that it was an ancient beach, was always 
difficult to account for, but if considered as a feature belonging to the 
valley, there is no difficulty. 

Other supporting arguments against the * beach’ origin might 
be brought forward, but it seems unnecessary to labour the ‘discus- 
sion further. I think that we need no longer take this awkward and 
anomalous © Raised Beach’ into our reckoning in dealing with the 
Post-Glacial history of the Yorkshire coast-lands. * 

In conclusion I may mention that the examples of former stream- 
diversion on a small scale, which cause the irregularity of the ridges 
between the confluent streams and the clifi-front, are probably 
due to the readjustment of the drainage-gradients between the main 
stream and its tributaries, consequent upon the shortening of the 
principal valley by the encroachment of the sea. The features afford 
an instructive physiographical study in miniature. 


3D0 


ON THE FOSSIL FLORA OF THE SOUTHERN PORTION OF 
THE YORKSHIRE COALFIELD. 


Part I1—NortuH DERBYSHIRE. 
By the late E. A. Newett ArsBer, M.A., Sc.D., F.GS., 


Trinity College Cambridge: University Demonstrator in 
Palzeobotany.* 


(Read November 26th, 1919). 


In a previous paper, published by this Society some ten years 
ago,t I described thé fossil flora of the Middle and Lower Coal Measures 
in the extreme south of the Yorkshire Coalfield in Nottinghamshire 
and Derbyshire. In the present paper an account is given of the 
Middle Coal Measure flora of a region in Derbyshire further to the 
North, but lying to the South of Chesterfield. This district appears 
to be a comparatively poor collecting ground for fossil plants, with 
the exception of two pits at Temple Normanton—Bond’s Main and 
Grassmoor Collieriles—which in recent years have become well known 
on account of the excellence of their fossil floras. It is with the plants 
collected at these localities that the present paper is concerned. 

Two lists of species occurring at Bond’s Main have been already 
published by Horwoodt and by Dr. Moysey,§ and the former has also 
added a short list from Grassmoor Colliery. Further collections from 
both these localities, which are now in the Sedgwick Museum, Cam- 
bridge, were formed some years ago, partly by the Author and partly 
by Mr. I. Rogers. They include a number of species not hitherto 
recorded, as well as examples of many of the plants instanced by 
Horwood or Moysey or both observers. 

The horizon|| of the plants in question is the roof of the Silkstone 
seam or between the Deep Hard and the Silkstone coals. The Silkstone 


* [Owing to the author’s death before this paper was revised, the 
responsibility for any errors which it may contain rests with me. I 
have to acknowledge a grant from the Royal Society in aid of the 
preparation of this and other memoirs left by my husband in various 
stages of completion.—AGNES ARBER. | 

7 Arber (1910). 

~ Horwood (1912). 

§ Moysey (1913). 

|| [A later note by Dr. Arber indicates that he regarded the horizon 
as representing the dividing line between the Middle and Lower Coal 
Measures.—A. A.] 
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seam occupies a considerably lower position in the Middle Coal Measures 
than the Top Hard and Barnsley Thick Coal from which were derived 
the greater number of previous determinations from this field, both 
in Yorkshire itself and from the southern extremity in Nottinghamshire 
and Derbyshire. 


The following is a list of the new records :— 


; Bond’ Grassmoor 
si ea . Main Pits. Mam his, | "ie “Pits. 
; Pa eey 
EQUISETALES 
Calamites vamosus Art. a, X. 
Calamophloios verticillatus (L. & H. ef a, as 
FILICALES AND PTERIDOSPERME. 
Sphenopteris Potieri Zeill. +: Pes 
S. Laurentt Andra a XK. ae. 
S. (Zeilleria) avoldensis Stur_ bs ves 
S. (Zeilleria) delicatula Sternb. X. 
LYCOPODIALES. 
Lepidodendron lycopodioides Sternb. .. ith X. 
Sigillaria principis Weiss a2 > ¢ ae 
S..elongata Brongn. a. 7 
S. discophora Kidst. ... a x 
Lepidophioios lavicinus Sternb. X. 
CORDAITALES. aut 
Cordaites principalis (Germar) | X. 


The following is a complete list of the species now known from 
Bond’s Main and Grassmoor Collieries, and may be regarded as an 
example of the flora of the lower part of the Middle Coal Measures of 
the Yorkshire field. 


NAME. 


eae = | Bond’s Grassms5or 
Main Pits. Pits. 
iia 
EQUISETALES. 
Calamites vamosus Art. A. Re: 
C. undulatus Sternb. ie A.M.H. X. 
Calamophloios verticillatus (E. & H. oe A. x. 
Annularia radiata (Brongn.) ... cas 2 te ME, HA. oe 
Calamocladus charaeformis (Sternb.) ... A.M. ‘© 
Pinnularia columnaris (Art.) ... isk M. X. 


* « A” indicates that this plant is recorded by the Author 
““H” by Mr. Horwood; ‘“M” by Dr. Moysey. 
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Authori Bond's ae 
mein ctr | ae) | apne eee a Pits, 
SPHENOPHYLLALES. 
Sphenophyllum cuneifolium (Sternb.) . A.M. X. . 
S. cunetfolium var.saxifragae jolium, Stb. ) A. x. : 
FILICALES AND PrERIDOSPERMEZ. 
Sphenopteris Potieri Zeill. A. X. ne 
S. furcata Brongn. nis Si A.M X. ian 
S. Laurenti Andra Bye oe At =x: pe 
S. flexuosissima (Stur) ... M. X. oat 
S. (Corynepteris) Sternbergi (Ett. ) A.M. X. oes 
S. (Zetlleria) avoldensis oe he A. X. pee, 
S. (Zeilleria) delicatula Sternb. A. th ed 
Neuropteris heterophylla Brongn. A.M.H X. X. 
N. tenuifolia (Schloth.) . H pS bse 
N. obliqua Brongn. A.M.H X. m.. 
N. obliqua forma impar (AW eiss) M BAS 0 
Alethopteris valida Boul. : 1A.H. is py 
Mariopteris muricata (Schl.) A.M. X. Mess 
Pecopteris Miltoni (Art.) a A.M.H. ».& Xx. 
P. (Dactylotheca) plumosa (Art. ) A.M.H. X. - 
Rhacophyllum crispum var. lineare (Gtb. ) A.M.H. X. i. 
LYCOPODIALES. 
Lepidodendron obovatum Sternb. A.H. X. bt 
L. aculeatum Sternb. M. X. ane 
L. lycopodioides Sternb. A. X. X. 
L. ophiurus Brongn. M.H. X. a 
L. simile Kidst. ... M._ X. ve 
Lepidophloios laricinus Sternb. A.M. X. X. 
Bothrodendron minutifolium ( (Boul. ) M.H. X. b= 
Sigillaria principis Weiss. A. X. a9 
S. scutellata Brongn. 1 Sl ee =a 
S. elegans (? Sternb. ) A™. 1 X. 
S. elongata Brongn. A. X. is 
S. mamillaris Brongn. A.H. 2, >. 
S. tessellata (Steinh. ) M. hy ss, 
S. discophora Kidst. A. X. 
S. tenuis Achepohl ie x 
S. ovata Sauveur ... = + ane 
Lepidophvllum majus Brongn. M.H. X. X. 
L. lanceolatum L. & H. ... H. ace X. 
Sigillariostrobus rhombibracteatus (Kidst. ) H. as nae 
CORDAITALES. 

Cordaites principalis (Germar) . A. a, * “as 
Artisia transversa (Artis) A.H. eS X. 
Cordaianthus pitcaivniae (L. & H. ) A: Fi. + a p 


* “A” indicates that this plant is recorded by the Author: 


“*H” by Mr. Horwood; ‘“‘M” by Dr. 


Moysey. 


Co j * saan o-wina 


yer? em 
* * ~ . 


Tams 


WwW. 
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.. »A representative collection of the-species in the above list, recorded- 
under the authority of the Author, is preserved in the Sedgwick Museum, 
Cambridge, Nos. 2741 to 2814 in the Carboniferous Plant Collection. 


NOTES ON THE FIGURED SPECIMENS. 


I append figures of some of the more interesting specimens recorded 
above, with some remarks upon them. 


Calamophloios verticillatus (?) L. and H. 
Plate XXXIX., Fig. 1 (# nat. size.) 


External surface of stem. | 
1893. Calamitina verticillata, Kidston, Trans. Roy. Soc. Edinb., Vol 
| XXXVII., p. 311, pl. IV., fig. 18. 

1911. Calamites verticillatus (pars), Jongmans, Anleit Bestim. Karbon pft. 
West- Europas., Vol. I., p. 61, fig. 67. 
Pith-casts. 
1835. Calamites verticillatus, Lindley and Hutton, Foss. Flora, Vol. 
af pt 13h 
1886-88. Calamophyllites verticillatus, Zeiller, Flore Foss. Bass. Howll. 
= Valenciennes, p. 360, pl. 57, fig. 2. f 
1910. Calamites varians, Renier, Doc. Etude Pal. Ter. Howill., pl. 45. 
1911. Calamites verticillatus (pars), Jongmans, Anleit. Bestim. Kar- 
bonpfl. West-Europas, Vol, 1., pp. 61, 62, fig. 68. 

I have recently instituted (*) the genus Calamophloios for the 
reception of specimens showing the external surface of Calamite stems 
as opposed to pith-casts. The specimen figured on pl. XXXIX., 
fig. 1, reduced in size, is an example of a rare Calamite stem showing 
the external surface. Several pith-casts, probably belonging to the 
same species, have been figured by Zeiller and Renier, and probably 
by Lindley and Hutton. The type of the authors last mentioned is, 
however, lost, but from the somewhat rough drawing which they give 
of it, one may conclude that the specimen was more probably a pith-cast 
than the external surface of a Calamite stem. 

These stems belong to the Calamitina section of the genus, char- 
acterised by the periodic occurrence of branch scars. In this species 


* Arber (1916), p. 140. See also Arber, E. A. N. and Lawfield, 
F. W., On the External Morphology of the Stems of Calamites, 
Journal of the Linnean Society, Bot. Vol. XLIV, 1920, pp. 507-530, 
pl. 23-25. 
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the scars are very large and closely set, and the internodes are of 
unequal length. In the present specimen four large branch scars are 
seen above (*) a node. The internodes have well-marked longitudinal 
primary ridges, distant about 2 cm. from each other, and between 
these occur numerous faint and very slight secondary ridges, anas- 
tomosing with one another, and forming an elongate network. In 
this latter respect we have an interesting approach to the genus 
Dictyocalamites Arber (+), in which the surface reticulations are more 
prominent. The scar-bearing internode is about 9 cm. in length. 
The leaf-scars on the nodes are not clearly seen. 

It is possible that the specimen which I have previously figured 
from Nottinghamshire ({) may be allied to that under discussion 
here. 

Sphenopteris Potieri Zeill. 
Plate XXXIX., Figs. 2 and 3. 


1886-88. Sphenopteris Potieri, Zeiller, Flore Foss. Bass. Houill. Valen- 
ciennes, p. 88, pl. 14, fig. 1. 


The frond figured on pl. XXXIX., fig. 2, natural size, appears to 
me to be identical with Zeiller’s S. Potieri, a very rare plant, apparently 
hitherto unknown from Britain, and one of which only one specimen 
seems to have been previously recorded. This species is characterised 
by the very prominent longitudinal ridges on the rachises of all 
orders, by the broad lobes of the pinnules with undulating but not 
toothed margins, and the strong ‘tuning fork” lateral nervation. 
The latter is seen in part of a pinnule enlarged three times on plate 
XXXIX., fig. 3. 

Sphenopteris Laurenti Andra. 
Plate XL., Fig. 2. 


1865. Sphenopteris Laurentii, Andra, Vorweltliche Pflanzen, p. 39, pl. 
13, figs. 1-3. 
5. Sphenopteris stipulata, Andra, ibid., p. 40, pl. 13, fig. 4. 
1868. Sphenopteris stipulata, (von Gutbier), Roehl, Palaeontogr., Vol. 
XVIII., p. 58, pl. 16, fig. 6a. 


* Fig. 1, Pl. XX XIX is reversed, so that the branch scars appear 
to lie below the node. A.A. 

7+ Arber (1912), p. 97. See also Arber and Lawfield, l.c. 

t Arber (1910). Proc. Yorks. Geol. Soc., Vol. XVII., p. 144, 
pl. KAI. figs. 1 and 2. 


Photo by} [W. Tams 
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1885. Hapalopteris Laurentii, Stur, Abhandl. K. K. Geol. Reichs. 
Wien, Vol. XI., p. 36, pl. 44, figs. 5-6. 

1886-88. Sphenopteris Laurenti, Zeiller, Flore Foss. Bass. Houill. 

| Valenciennes, p. 85, pl. 6, fig. 3; pl. 9, fig. 4. 

1899. Sphenopteris (Renaultia) Laurenti, Zeiller, Mém. Soc. Géol. France 
(Pal. Mém.), VIII., 21, p. 16, pl. 1, fig. 16. 

1909. Sphenopteris Laurenti, Behrend in Potonié, Abbild. und Beschr. 
Foss. Pflanz., Lief. V1., No. 105. 

1910. Sphenopteris Laurenti, Renier, Doc. Etude Pal. Terr. Houill. 
pl. 65. 

1912. Sphenopteris Laurenti, Vernon, Quart. Journ. Geol. Soc., Vol. 68, 
p- 620, pl. 57, fig. 2; pl. 59, fig. 7. 

1913. Sphenopteris (? Renaultia) Laurenti, Gothan, Abhandl. k. Preuss. 
Geol. Landesanst., N. F. Heft 75, p. 134, pl. 17, fig. 3. 


This species, which is not very abundant in Britain, is one of the 
most easily recognised members of the genus.- The pinnules are 
small, distant from one another, the lobes being relatively broad, the 
margins usually undulating, or slightly crenate, and the lateral nerves 
very distant from one another, with a few very wide dichotomies. 


Neuropteris obliqua Brongn. 
Plate XLI, Figs. 1, 2, 3. 
1832. Pecopteris obliqua, Brongniart, Hist. Végét. Foss., p. 320, pl. 96, 
fig. 1-4. 
1837 ? Neuropteris heterophylla, Lindley and Hutton, Foss. Flora, 
Vol. IIL, p. 90, pl. 183. 
1882. Odentopteris binervosa, Achepohl, Niederrh.-Westfal. Steinkohlen- 
gebirge, Essen und Leipzig, Lief. 7, p. 118, pl. 36, fig. 5. 
1886-88 ? Neuropteris obliqua, Zeiller, Flore Foss. Bass. Houwill. Valen- 
ciennes, p. 284, pl. 48, figs. 1, 2 ( ? fig. 3), figs. 4-7. 
1886-88, Neuropteris acuminata, Zeiller, ibid., p. 255, pl. 41, fig. 4. 
1893. Neurodontopteris impar, Potonié, Jahrb. k. Preuss Geol. Lan- 
desanst. fiir 1892, p. 1, pl. 1, figs. 1, 2, 4. 
1906. Neurodontopteris obliqua, Gothan in Potonié, Abbild. und Beschr. 
Foss. Pflanzen., Lief IV., No. 68, text figs. 2 (B), 4,5; pl. 
lB. 0 . 
1907. ?Mixoneura obliqua, Zalessky, Bull. Com. Géol. St.-Pétersbourg, 
No. 134. Vol. XXVI., p. 404, pl. 15, figs. 11, 12 and 16. 
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1907. Mixoneura obliqua, Zalessky, ibid., No. 135, Vol. 26, p. 479, 
pl. 19, figs. 1-10. : 

1911. Newropteris impar, Kidston, Mém. Mus. R. Hist. Nat. Belgique. 
Vol. IV., p. 83, pl. VIIL, figs. 1, 2, 3 and 3a. 

1913. ? Neuropteris obliqua, Gothan, Abhandl. k. Preuss Geol. Lande- 
sanst., N. F. Heft 75, p. 207, @pl. 50, fig. 5. 


Neuropteris obliqua is a plant of very variable habit, wide variations 
occurring in the size, shape and insertion of the pinnules in different 
parts of the same frond. The pinne of this species occurring at Bond’s 
Main are the small-pinnuled forms, which in my experience are very 
rare in Britam. The minor pinnules of this plant were first figured 
by Brongniart, and there can be no doubt that the examples illustrated 
here on plate XLI., figs. 1, 2 and 3, are identical with the continental 
specimens described by Brongniart, and by others more recently. 

In these pinne the higher pinnules are oblong, attached 
by their whole base, decurrent, and the nervation arises directly 
from the rachis, there being no true median nerve. 

In these characters these pinnules agree remarkably with members 
of the genus Odontopteris. But the pinnules situated lower on the 
rachis tend to become Neuropteroid, being more oval in form, con- 
tracted at the base to a point of attachment and not decurrent. These 
pinnules also possess a more distinct median nerve. The larger or 
major pinnules of the same plant, which, however, have not been 
found at Bond’s Main, are also more Neuropteroid than Odontopteroid, 
hence the species is retained in the genus Newropteris. 

The specimen figured in Plate XLI., fig. 2, shows a pinna composed 
of small pinnules, part of which is seen enlarged on fig. 3 of the same — 
plate. An enlarged view of the nervation of another specimen is shown 
on fig. 1. 

There is also a more common British plant which I believe has 
often been mistaken for N. obliqua, but which I think is a distinct 
type. I have figured examples of this from Kent* and from Cumber- 
land,t and I regard the frond to which Kidston and Jongmans { have : 
attributed a large seed as another specimen of the same plant, which - 
I propose shortly to redescribe under a new poms name. 


* Arber (1909), p. 26, pl. L., fig. 3. 
ft Arber (1903), p. 4, pl. I., fig. 2. 
+ Kidston and Jongmans (1912), p. 25, pl. (unnumbered), fig. 3. 
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Stigmaria ficoides Sternb. 
‘Plate XL., Fig. 1, and Plate XLI. tie. 4 


1902. Stigmaria ficoides, Kidston, Proc. Yorks. Goh and Polyt. Soc., 
Vol. XIV., pt. III, p..357, pl. 52, fig. 


TOLL. Stigmaria ficoides, Kidston, Mém. Mus. R. Hist, Nat. Belgique, 
Vol. IV., p. 212 (contains a full synonymy). 


The specimen figured on Plate XL., fig. 1, and enlarged on Plate 
XLI., fig. 4, represents a very rare state of preservation of this very 
common fossil plant, of which casts of the external surface are the 
most abundanz ui p-ant remains in the Coal Measures. The specimen 
consists of a longitudinal impression of the woody cylinder seen in 
tangential section. 

The transversely oblong areas, seen especially at the sides of the 
specimen, are the woody bundles frequently anastomosing with one 
another, and in many cases broken off short, since the plane of the 
impression does not coincide with the planes of the bundles. In 
the enlarged figure (plate XLI., fig. 4), these oblong areas are seen 
to possess a delicate but distinct and close ribbing. These ribs are, of 
course, the impressions of the tracheids themselves. 

Kidston (see above) has figured a similar specimen from Lanark- 
shire, which, however, has split along a radial plane, and shows a cast 
of the pith cavity. In thé present case the pith cast lies behind the 
impression of the woody bundles figured here. 
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EXPLANATION OF THE PLATES. 


(All the figures are from specimens from above the Silkstone Coal 
Bond’s Main Colliery, Temple Normanton, Derby, now in the 
Carboniferous Plant Collection, Sedgwick Museum, Cambridge ; 
the numbers following the specific names are the numbers allotted 
to them in that Collection. All the figures are from photographs 
by Mr. W. Tams, Cambridge). 

Plate XX XIX. 

Fig. 1.—Calamophloios verticillatus (L. & H.), No. 2741, x 3. [This 
figure is upside down]. 

Fig. 2.—Sphenopteris Potieri (?) Zeill., No. 2766, natural size. 

Fig. 3.—Sphenopteris Potieri (¢) Zeill., No. 2770, x3. 


Plate XL. 


Fig. 1.—Stigmaria ficoides Sternb., No. 2745, natural size. See also 


Pl. XLI., Fig. 4. 
Fig. 2.—Sphenopteris Laurenti Andra, No. 2779, natural size. 


Plate -XLI. 


Fig. 1.— Neuropteris obliqua Brongn., No. 2798, X 25. 

Fig. 2.— Neuropteris obliqua Brongn., No. 2793, natural size. 

Fig. 3.— Neuropteris obliqua Brongn., No. 2793, 25. 

Fig. 4.—Stigmaria ficoides Sternb., No. 2745, X3. See also Pl. XL., 
Wig. 1. 
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ON SOME CARBONIFEROUS AMMONOIDS NEW TO ENGLISH 
ROCKS. 


By the late Lt.-Col. W. Hino, T.D., M.D., F.R.CS., F.GS. 
(Read November 26th, 1919). 


The quarry at Kniveton, Derbyshire, north of Standlow farm, 
has yielded a fauna characteristic of Vaughan’s Canina horizon and 
certain goniatites new to England occur there. Two of them have 
been described from a similar horizon in Ireland. It is important 
to publish these facts and to figure the English specimens in order 
to establish a Goniatite zone in Upper C beds, which is lower than 
any previously known in the Carboniferous series. Three species of 
Ammonoids, which are unknown at other levels, characterise - the 
horizon—Pericyclus fasciculatus M coy, Glyphioceras inconstans de 
Koninck, G. corpulentum Foord. 


GLYPHIOCERAS INCONSTANS, de Koninck, 1880. 


Glyphioceras inconstans de Koninck, 1880; Ann. Mus. Roy. d Hist. 
Nat. de Belgique, Faune de Calcaire Carb. de la Belgique, Tom. 
V., 2me Pt., p. 120, Pl. XVIII, figs. 4, 5, 6, 7, 8, 9. 


Specrric CHARACTERS.—Shell discoidal, compressed, involute, 
attaining a diameter of 70 mm. in well-grown examples. Greatest 
thickness at the umbilical edge. Inclusion not complete. Whorl 
sub-elliptical. Body chamber occupying almost the whole of the last 
whorl. Whorls several. Periphery regularly arched in the young, 
becoming flattened in the larger specimens. Umbilicus small and 
deep, its margin rounded and simple. Camerz are deep—about 8 to 
the whorl. Shell apparently thin, ornamented by almost obsolete 
transverse lines of growth, arched sinuously on the periphery, so that 
they are slightly concave forward and form a very shallow sinus there. 
The suture line: the peripheral-lobe is deep and broad, with parallel 
borders, and is markedly trifid ; the peripheral saddles are broad and 
rounded ; the lateral lobe V-shaped, and the lateral saddle obtusely 
rounded. 


Dimenstons.—The specimen figured by Foord in Plate XLIla., 
which is a medium-sized individual, measures in diameter 50 mm., and 
transversely 15 mm. . 
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_ Locauiry.—Carboniferous, Limestone ; . Kniveton, (Derbyshire), 
Clitheroe (Lancs.), Rathkeale and St. Doulaghs (Ireland). 


OxBsERVATIONS.—In full-grown examples, as de Koninck points 
out, this species resembles very closely G. truncatum Phill., but the 
latter has a much wider umbilicus. The sides of the periphery of 
G. inconstans are much more sub-quadrate, and the broad trifid median 
lobe of the suture is altogether different from that of G. truncatum. De 
Koninck also lays stress on the presence in young examples of 
G. inconstans of 3 or 4 radiating grooves which he evidently thinks _ 
do not occur in G. truncatum. These folds are not well understood, 
and as far as I am aware are not of specific value, but they certainly 
are present in some of the British specimens from Kniveton. A 
single large specimen labelled “‘ Clitheroe ” from the collection of the 
late James Spencer, of Halifax, now in my possession, I consider 
belongs to this species. 


I would call attention to the suture line of G. crasswm as figured 
by Foord, (Carb. Ceph. Ireland, Pl. XLII, fig. 10c); which is very 
similar indeed to that of G. inconstans, His species is from a Lower 
Limestone locality. In England G. truncatum is quite common in 
the G. crenistria zone, but Foord has recorded this species from 
Lower Limestone localities in Ireland. The actual horizon from 
which Phillips obtained his type specimen is obscure, as he only mentions 
Bolland, which is the name of a district where all horizons of the 
Lower Carboniferous beds occur. J have, however, collected specimens 
of G. truncatum only from the higher beds of the series at Black Hall 
and Cold Coates, near Chipping, and from D, beds at Castleton and 
Chrome Hill and Elbolton; and in Belgium from the upper beds of 
Visé. At Kniveton' G. imconstans occurs with Pericyclus Jasciculatus, 
and it is important to note that both species occur at Panga in 
Belgium—a much lower horizon than the Viséan, “ 


GLYPHIOCERAS OBESUM Foord. 


Glyphioceras (Muensteroceras) obesum Foord 1903; Carb. Ceph. 
Treland, p. 196, Pl. XLIII, figs. 3 a-c. 


Speciric CHARACTERS.—Shell, large sub-globose, somewhat com- 
pressed, involute, more so in old age. Greatest thickness at umbilical 
margin. Height of outer whorl about one-third the diameter, broadly 
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elliptical in section. Umbilicus open, measuring about one-seventh 
the diameter of the shell. Whorl indented to about a half its depth 
by preceding. Periphery regularly convex. The sides very gently 
convex. Body chamber occupies a complete whorl. Chambers 
about 18 to the whorl.’ Suture line as in Foord (Pl. XLIII, 3b) ; 
external saddles high, and broadly rounded. Test thin and smooth. 


- Drmenstons.—Transverse diameter 115 mm..; thickness of shell, 
‘65 mm, 


Locatities.— Cyathaxonia beds at Bradbourne (Derbyshire) ; 
Elbolton (Yorkshire). 


OBSERVATIONS.—This species attains a larger size than any other 
British species of Glyphioceras. The suture shows an affinity to 
G. sphaericum Phill., but the shape of the shell is much more com- 
pressed and less globose in comparison with its diameter. The suture 
line at once separates this species from G. crenistria Phill. and G. - 
striatum Sow. G. obesum Foord., has been obtained from Little Island 
(Co. Cork), from beds which I take from the fauna to be very high up 
in the Carboniferous Limestone series. Prolecanites compressus has 
been obtained there, which indicates the base of the Pendleside 
. Limestone. 


GLY PHIOCERAS CORPULENTUM Crick. 


Glyphioceras corpulentum Crick., 1899; Ann. Mag. Nat. Hist., Sec. 
7, Vol. IIIL., p. 447, Fig. 12. G. corpulentum Foord, 1903; Carb. 
Ceph. Ireland, p. 176, Pl. XLVI, figs. 1 a.b.; Pl. XLVIII, Figs. 
1 a.c. 


Locatity.—Kniveton (Derbyshire), Zone C. 


OBsERVATIONS.—It is unnecessary to repeat the full and detailed 
descriptions given both by Crick and Foord. It is important to note 
in the Kniveton Limestone the occurrence of this species, the types of 
which came from St. Doulaghs. I consider both these quarries to be 
on the same horizon. Celonautilus pinguis is present at both 
localities. : 
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GLYPHIOCERAS COMPLICATUM de Koninck. 


Ammonites complicatus de Koninck, 1842; Descr. Anim. foss., p. 
507, Pl. L, fig. 8. 


Goniatites complicatus Bronn, 1848; Gesch.d. Natur, Vol. IL. p. 541. 
G. complicatus de Koninck, 1882; Ann. Mus. Roy. d Hist. Nat. 
de Belgique, Vol. V., Fauna Cale. Carb., Pt. IL, p. 105, Pl. L, 
figs. 4-4c. G. complicatum Hyatt, 1884; Proc. Boston Soc. Nat. 
Hist., Vol. XXII., p. 329. G. complicatum Foord and Crick, 
1897; Cat. Foss. Ceph. Brit. Mus., Pt. IIL, p. 208, fig. 99. 


Loca.ities.—Castleton and Bradbourne (Derbyshire). 


OBSERVATIONS.—It is unnecessary to re-describe this species as 
Foord and Crick have already done so (op. supra cit.), but no British 
specimen has been figured. The suture line is very distinctive, and 
the camer are very shallow and numerous. The species is not 
at all common. I noted its occurrence at the above localities in my 
paper on “ The Distribution of the British Carboniferous Goniatites.” 
Geol. Mag., Dec., VI., Vol. V., p. 443, 1918. 


The angularity of the peripheral lobe shows an affinity to G. 
cremstria. The specimen described by Foord and Crick was obtained 
from Visé (Belgium). 


EXPLANATION OF THE PLATES. 


Plate. 
Fig. 1. —Glyphioceras inconstans de Koninck. 
Fig. la —Glyphioceras inconstans, in profile. 
Fig. 1b.—Glyphioceras inconstans, suture line. 
Fig. 2. —Glyphioceras obesum Foord. 
Fig. 2a.—Glyphioceras obesuim, suture line. 
Fig. 3. —Glyphioceras corpulentum Crick. 
Fig. 3a.—Glyphioceras corpulentum, in profile. 
Fig. 4. —Glyphioceras complicatum de Konink. 
Fig. 4a.—Glyphioceras complicatum, in profile. 
Fig. 4b.—Glyphioceras complicatum, suture line. 


All illustrations natural size, except 4b, which 1s slightly enlarged. 
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BIBLIOGRAPHY OF YORKSHIRE GEOLOGY, 1918-19. 
By T. Suepparp, M.Sc., F.G.S. 


1918. 


Anon.—Products of Yorkshire Coals. The Naturalist, September, 
pp. 273-4. 

——A River of the Coal Age. The Naturalist, September, p. 274. 

— The Driffield Museum. Nature, April 25th, p. 150; The 
Naturalist, June, pp. 178-9. 

—— Ammonite Nomenclature—New Genera: Mr. S. S. Buckman’s 
Opinion: The Field Geologist [Notice of A. E. Trueman’s Paper]. 
The Naturalist, June, pp. 179-181. 

—— Yorkshire Type Ammonites [Notice of S. 8. Buckman’s 
Monograph]. The Naturalist, October, p. 305. 

—— Natural Gas [Notice of T. W. Woodhead’s Paper]. The 
Naturalist, October, p. 306. 

—— Obituary: William Lower Carter, M.A., F.G.8. Born August 
9th, 1855; died June 19th, 1918. Geol. Mag., August, pp. 382-3. 

— Microscopic Section of Coal Seam. The Naturalist, March, 
p. 85. 

Peat Problems. The Naturalist, March, p. 85. 

—— Martin Simpson. The Naturalist, August, p. 242. 

Sands for Glass Manufacture [Review of Memoir by P. G. H. 

Boswell and others: see under Boswell,.1917]. Nature, January 

10th. 

—— Geological Research on Refractories during 1916 [based on 
“Summary of Progress of Geol. Survey@for 1916]. The Quarry, 
January, pp. 10-14. 

—— [Note on] Prof. W. Boyd Dawkins. The Naturalist, May, 
pp. 145-6. 

—— Dr. A. Harker’s Address [Recrystalization in a Solid Environ- 
ment: Conditions governing Metamorphism|. The Naturalist, 
May, pp. 146-7. 

—— The Glacial Period; The Glacial Question; Deep Gorges ; 
Interglacial Conditions; One Ice Age; Balby Boulder Clay. 
[Notice of P. F. Kendall’s contribution to the Handbuch der 
regionalen Geologie]. The Naturalist, June, pp. 181-4. 

—— Yorkshire Coal Seams: And their Correlation. [Notice of 
P. F. Kendall’s Paper.| The Naturalist, April, p. 115. 


364 SHEPPARD : BIBLIOGRAPHY OF YORKSHIRE GEOLOGY. 


Anon.—Forests of the Coal Age. [Notice of D. H. Scott’s Paper.] 
The Naturalist, April, pp. 117-8. 

—— Heterangiums of the British Coal Measures. [Notice of D. H. 
Scott’s Paper.| The Naturalist, February, pp. 57-8. 

—— Martin Simpson [Report of Paper by T. Sheppard]. The 
Naturalist, January, p. 1. 

—— Splitting of Coal Seams and their Causes. [Notice of P. F. 
Kendall’s Paper.| The Naturalist, November, p. 337. 

——— Carboniferous Goniatites. [Notice of Wheelton Hind’s Paper.} 
The Naturalist, November, p. 340. m 

—— Distribution of Silica Rocks in Great Britain. [Review of 

Memoir by J. Allen Howe.| The Quarry, October, pp. 101-3. 

[signed H. H. 8.]. Yorkshire Type Ammonites. By §&%. S&S. 

Buckman [Review of]. Nature, July 11th, pp. 364-5. 

Barry, J. W.—The Flood of August, 1917, and Other Local Floods. 
Whitby Museum Publications, No. 1, xvi. pp. Also reprinted in 
the Ninety-sixth Report of the Whitby Literary and a 
Society, publ. 1919. 

Berry, A. G.—See E. H. Cunningham Craig. 

Bone, WiLit1AM A.—Coal and its Scientific Uses. London: pp. xvi. + 
491. Reviewed in The Naturalist, July, 1919, p. 218. : 

Boswe tt, P. G. H—British Supplies of Potash-Felspar, considered 
from the Glass-making Point of View. Trans. Soc. Glass Tech- 
nology, Vol. II., pp. 35-71. 

—— A Memoir on British Resources of Refractory Sands for Furnace 
and Foundry Purposes. Part 1., with Chemical Analyses by H. F. 
Harwood and A. A. Hidridge: pp. xu. + 246. 

—— A Memoir on British Resources of Sands and Rocks used in Glass- 
making, with Notes on certain Crushed Rocks and Refractory 
Materials ...., with Chemical Analyses by H. F. Harwood and 
A. A. Eldridge. 2nd ed.: pp. xi.+183. 

B[Rapuey |, J.—Arnclifie and Horse Head Pass Rambles [Geological 
Notes]. Haworth Ramblers’ Programme, August llth: 4 pp. 

Branson, F. W.—In Memoriam: William Simpson, F.G.S. (1859- 
1915). Proc. Yorks. Geol. Soc., Vol. X1X., pt. Iv., pp. 324-6. 

Buckman, 8. 8.—Yorkshire Type Ammonites, part XV., pp. X1., X11. ; 
8 Plates, and Descriptions Nos. 109-111. [Describes and figures 
A. clevelandicus, A. elegans, A. ovatus, Bifericeras biferum, A. 
sedgwicku, Beaniceras senile.| Part xvi: 8 Plates and Description 
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112 and 116. [Describes and figures A. semicostatus, A. rotifer, 
A. bifrons, A. rugosus, A. vertumnus.| Noticed by H. H. 8. in 
Nature, July 11th, pp. 364-5. Part xvi., pp. xili.-xiv.: 8 Plates 
and Description Nos. 117-119. [ Ammonites gregarius, dissimilis, 
crassus, parvum, nudicosta and rotundatum.] Reviewed in Geol. 
Mag., December, pp. 547-8. 

Buckman, 8. S.—See Anon. 

Burton, J. J— Jurassic Flora Committee. . The Naturalist, January, 
p. 45. 

+CLoucH, CHARLES THomas.—{Obituary]. See Alfred Harker. 

Corr, Grenvitte A. J.—In Memoriam: John Wesley Judd, C.B., 
LL.D., F.R.S., F.G.8. Proc. Yorks. Geol. Soc., vol. XIX., pt. Iv., 
pp. 327-9. 

CunnincHaM Craic, E. H.; Perkin, F. Mottwo; Berry, A. G. V.; 
Dunstan, A. E.—A New British Oil Industry. Journ. Inst. 
Petroleum Technologists, vol. IV., No. 15, pp. 110-157. 

Dawkins, W. Boyp.—{Notice of award to]. The Naturalist, May, 
pp. 145-6. 

Dunstan, A. E.—See E. H. Cunningham Craig. 

Expripce, A. A.—See P. G. H. Boswell. 

Fietcuer, J. S8—The Making of Modern Yorkshire [Cleveland Iron 
Industry, ete.]|. London: 328 pp. 

GEIKIE, ARcHIBALD.—A Yorkshire Rector of the Eighteenth Century 
[John Michell]. The Naturalist, January, pp. 7-24. Also issued 
separately, enlarged (see below). ) 

——A Memoir of John Michell, M.A., B.D., F.R.S.. Cambridge: 
108 pp. 

Gisson, W.—On a Deep Boring, near Market Weighton. Appendix I. 
(pp. 42-45) to Summary of Progress of Geological Survey for 1917 : 
5D pp. 

— In Memoriam: Henry Culpin. Proc. Yorks. Geol. Soc., vol. 

XIX., pt. Iv., pp. 317-8. 

See A. Strahan. 

GILLIGAN, ALBERT. Alluvial Deposits at Woodlesford and Rothwell 

‘Haigh, near Leeds. Proc. Yorks. Geol. Soc., vol. XIX., pt. vr, 
pp. 255-271. 

—— The Lower Permian at Ashfield Brick and Tile Works, Conis- 
borough [with Appendix by M. Odling.]} Proc. Yorks. Geol. 
Soc., vol. XIX., pt. 1v., pp. 289-297. 


366 SHEPPARD: BIBLIOGRAPHY OF YORKSHIRE GEOLOGY. 


GILLIGAN, ALBERT.—Note on the Soil below the Peat on Moughton 
Fell. The Naturalist, October, pp. 309-311. 

—— Geology [of the Settle District]. The Naturalist, October, pp. 
329-331. 

GraHAM, J. lvon.—The Oxidizable Constituents of Coal. Part 1. [with 
Discussion: refers to Barnsley Soft Coal]. Trans. N. Eng. 
Inst. Min. and Mech. Eng., vol. LXVIII., pt. m1., pp. 37-64. 

HatLpaneg, J. Scotr.—The Effects of Dust Inhalation. Trans. Inst. 
Min. Eng., vol. LY., pp. 264-293. Abstract in The Quarry, 
Juy, pp. 69-72. 

Harcu, F. H.—The Jurassic Ironstones of the United K’ngdom, — 

economically considered. Journ. Iron. and Steel Inst., vol. 

XCVII., pp. 71-120. Also Trans. Inst. Min. and Met. [vol. 

XXVII.J, pp. 71-125. [Reviewed by R. H. R. in Geol. Mag., 

January, 1919, pp. 38-39.] 

Average Analyses of British Iron-ores and Ironstones produced 
in 1917-18. London: 12 pp. Reviewed by R. H. R. in Geol. 

Mag., January, 1919, pp. 38-39. 

Harker, ALFRED.—The Anniversary Address of the President [on 
Some Aspects of Igneous Action in Britain, with Obituary 
Notices of John Wesley Judd, Charles Thomas Clough, Clement 
Reid, etc. Quart. Journ. Geol. Soc., vol. LXXIII., pt. 1, No. 
289, pp. lv.-xevi. ]. 

—— Address [to Geol. Soc.: Abstract]. The Naturalist, May, pp. 
146-7. 

Harmer, F. W.—Pliocene Mollusca of Great Britain, being supplemen- 
tary to 8. V. Wood’s Monograph of the Crag Mollusca, part 3. 
Palaeont. Soc. Report, vol. LXX., pp. 303-461: Pls. XXXIIL- 
XLIV. 

Harwoop, H. F.—See P. G. H. Boswell. 

HawkeEswortH, E.—In Memoriam: Benjamin Holgate, F.G.S. (1838- 
1915). Proc. Yorks. Geol. Soc., vol. XIX., pt. Iv., pp. 322-3. 
Hemineway, W.—The late G. Knott. The Naturalist, August, p. 271. 
Hinp, WHEELTON.—On the Distribution of the British Carboniferous 
Goniatites, with a Description of one New Genus and some New 
Species. Geol. Mag., October, pp. 434-450. Also The Naturalist, 

November, p. 340. | 

Hotmes, Joun.—Geological Section [of Yorks. Nat. Union, Report]. 

The Naturalist, January, p. 45. 
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Ho.tmes, Jonn.—Geology [of Crosshills]. The Naturalist, September, 
pp. 298-9. 

Howe, J. AtLeN.—Special Reports on the Mineral Resources of Great 
Britain. Vol. VI.: Refractory Materials, Ganister and Silica 
Rocks, Sand for Open-hearth Steel Furnaces, Dolomite [Review 
of|. The Quarry, October, pp. 101-3. (See Anon.) 

Jupp, JoHN Westey.—{Obituary|. See G. A. J. Cole and Alfred 
Harker. 

KENDALL, Percy Fry.—On the Splitting of Coal Seams by Partings 
of Dirt. Part I.: Splits that Rejoin. Trans. Inst. Min. Eng., 
vol. LIV., pt. v., pp. 460-479. See Notice in Geol. Mag., October, 
p- 477, The Naturalist, November, p. 337, and Sci. Progress, 
October, p. 209. 

—— On an Artesian Well at Oswaldkirk. [Appendix to A. Gilligan’s 
Paper:| Proc. Yorks. Geol. Soc., vol. X1X., pt Iv., pp. 284-5. 
——In Memoriam: William Cash. Proc. Yorks. Geol. Soc., vol. 

XIX., pt. Iv., pp. 319-321. 

See Anon. 

—— See M. Odling. 

Kirkpatrick, R.—The Nummulosphere, Part 111., 319 pp. [See also 
Notice in The Naturalist, November, p. 367.] 

Lame.tucnH, G. W.—See A. Strahan. 

LonestarFr, JANE (née Donald) —Supplementary Notes on Aclisina 
de Koninck and Aclisoides Donald, with Descriptions of New 
Species. Quart. Journ. Geol. Soc., vol. LXXIII., pt. 11., No. 290, 
pp. 59-83. 

Martin, KE. A.—Nature’s Air-Raids : A Chapter in ““Meteorics.”’ Trans. 
Croydon Nat. Hist. and Sci. Soc., vol. VIII., pt. 1v., pp. 151-9. 

Matruews, Ernest R.—Coast Erosion and Protection, 2nd ed., xvi. ++ 
195. : 

Mortram, T. H.—Report on the York and North Midland Division. 
Report under the Metalliferous Mines Acts. The Quarry, October, 
pp. 110-1. 

Opuiine, M.—Correlation and Facies of the Upper and Middle Oolites 
in England and North-west France [with Appendices by Percy 
Fry Kendall and M. Odling]. Proc. Yorks. Geol. Soc., vol. XIX., 
pt. Iv., pp. 272-288. 

—— Note on the Stratigraphy of Roulston Scar. [Appendix to above 
Paper.| pp. 285-6. 


368 SHEPPARD ; BIBLIOGRAPHY OF YORKSHIRE GEOLOGY. 


Opiinc, M.—Chemical Composition of the Beds. [Appendix to A. 
Gilligan’s Paper.] Proc. Yorks. Geol. Soc., vol. XIX., pt. Iv., 
pp. 296-7. 

Perkins, F. Mottwo.—See E. H. Cunningham Craig. 

[Puruutes, LionEL.|—Report of the Controller of the Department for 
the Development of Mineral Resources in the United Kingdom, 
62 pp. 

Pycrarr, W. P.—Paleontology [Notice of A. Smith Woodward’s 
Memoir on Edestus newtoni|. Science Progress, No. 47, January, 
pp. 420-1. 

R{astatu], R. H.—Summary of Progress of the Geological Survey of 
Great Britain for 1916 [Review of]. Geol. Mag., January, pp. 28-9. 

Rep, CLeEMENT.—[Obituary]. See Alfred Harker. 

SANDEMAN, Epwarp.—* The Derwent Valley Waterworks.” Min. 
Proc. Inst. Civil Eng., pp. 39 (of reprint). Abstract in Nature, 
April 25th, pp. 152-3. 

Scott, D. H.—See Anon. 

SELFRIDGE, H. Gorpon.—The Romance of Commerce [Changes at 
Spurn—with maps, pp. 180-3]. London: 422 pp. | 

SHEPPARD, T.—Geology [of Market Weighton]. The Naturalist, 
August, pp. 265-6. 

—— Notes on Packing and Removing a Museum of Geology and An- 
tiquities in War-time. Museums Journal, vol. XVIIL, No. 5, 
November, pp. 79-82. 

——— Martin Simpson and his Geological Memoirs. Proc. Yorks. 
Geol. Soc., vol. XIX., pt. Iv., pp. 298-316. 

—-— Martin Simpson—a Yorkshire Geologist (1800-92). Abstract : 
Geol. Mag., February, p. 82. See also The Naturalist, January, 
pz: os 

— British Geological Maps as a Record of the Advance of Geology. 
Quart. Journ. Geol. Soc., vol. LX XIII., pt. 1., No. 289, pp. e.-ci. 

—-— Bibliography of Yorkshire Geology, 1916-1917. Proc. Yorks. 
Geol. Soc., vol. XIX., pt. Iv., pp. 330-344. 

—— Bibliography: Papers and Records relating to the Geology 
and Paleontology of the North of England (Yorkshire excepted), 
published during 1917. The Naturalist, May, pp. 169-171; and 
June, pp. 198-201. 

S[HepparD], T.—In Memoriam: J. H. Howarth, J.P., F.G.S. The 
Naturalist, May, pp. 172-3. 
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S[mHePPaRD], T.—In Memoriam: W. Lower Carter, M.A., F.GS. 
(1855-1918). The Naturalist, July, pp. 232-3. 

SHERLOocK, R. L.—Datum-lines in the English Keuper. Geol. Maq., 
March, pp. 120-5. 

—— and Smiru, B.—Gypsum and Anhydrite ; Celestine and Stron- 
tianite. Mem. Geol. Survey: Special Reports on the Mineral 
Resources of Great Britain, vol. III., 2nd ed., pp. iv.+64. , 

Smiru, B.—See R. L. Sherlock. 

[Smirn, T. W. D.: editor]—The Magnet of Commerce. Interesting 
Information and Useful Statistics relating to Coal, By-Products 
of Coal, Engineering, Electricity, Textiles, Timber and other 
industries. pp. 174-+cxxxvl. 

SratHeR, J. W.—Coast Erosion Committee [Report of]. The Natural- 
ist, January, p. 45. 

[Srewarpson, H. C.|—Catalogue of the more important Papers, 
especially those referring to Local Scientific Investigations, 
published by the corresponding Societies during the year ending 
May 31st, 1917. Report Corres. Soc. Brit. Assn. 1917, publ. 1918, 
pp. 41-54. 

Stores, Marie.— Bennettites Scotti, sp. nov. a European petrifaction 
with foliage. [Abstract of Paper read to Linnean Soc.| Nature, 
May 16th, p. 219. 

—— A Survey of the biological aspect of the constitution of Coal. 
[Abstract of Paper read to Linnean Soc.| Nature, May 16th, 
pi 210. 

SrraAHAN, A.—Special Reports on the Mineral Resources of Great 
Britain. Vol. VII.: Lignites, Jets, Kimmeridge Oil-shale, 
Mineral Oil, Cannel Coals, Natural Gas. Part 1.: England and 
Wales. Mem. Geol. Survey, 69 pp. Reviewed in Geol. Mag., 
May, 1919, pp. 231-2. 

—— Summary of Progress of the Geological Survey .. . for 
1917, with notes on Mesozoic Ores, Yorkshire (The Cleveland 
District), by G. W. Lamplugh ; Ironstones of the Coal Measures, 
Yorkshire, Derbyshire and parts of Notts., by W. Gibson; 
55 pp. Noticed in Geol. Mag., October, pp. 473-4. 

SwINNERTON, Henry Hurp and SwinnertTon, ARTHUR ELIJAH.— 
The Morphology and Development of the Ammonite Septum. 
Quart. Journ. Geol. Soc., vol. LX XIII., pt. 1., No, 289, pp. 26-58. 

TRuEMAN, A. E.—The Evolution of the Liparoceratide. (Abstract.) 
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Geol. Mag., June, pp. 284-5; Nature, May 9th, pp. 197-8: The 
Naturalist, June, pp. 179-181. | 

WoopuEaD, T. W.—Geology [Huddersfield ‘District].. Ann. Rep. 
Huddersfield Nat. Phot. and Awntiq. Soc., 1917-1918, pp. 12-14. 

— — See Anon. 

Wioopwarp]|, H.—Eminent Living Geologists: George William 
Lamplugh, F.R.S., President Geol. Soc., Assistant Director of the 
Geological Survey of England and Wales. Geol. Mag., August, 
pp. 337-346. 

W[roor], H. E.—Yorkshire Naturalists’ Union: Geological Section 
[Report of]. The Naturalist, December, pp. 397-8. 


1919. 


Anon.—Yorkshire Geologists [notice of Proc. Yorks. Geol. Soc.] 
The Naturalist, January, p. 2. 

—— West Riding (Yorkshire Area) [Quarries Report]. Quarry, 
January, p. 23. 

—— Fossil Earthquakes; Old River Channels; Earthquake 
Phenomena; Puzzles for Mining Men; “ Lurching” [notice of 
P. F. Kendall’s paper |. The Naturalist, February, pp. 51-3. 

—— Durham Glacial Beds. Loess: A Yorkshire Comparison 
[notice of C. T. Trechmann’s paper|. The Naturalist, February, 
pp. 54-55. 

—— Carboniferous of Clitheroe. Goniatite Zones. The Naturalist, 
February, p. 56. 

—— Whitby Jet. The Naturalist, March, p. 82. 


—— Coal and its Scientific Uses [notice of volume by W. A. Bone]. . 


The Naturalist, July, p. 218. 


—— Yorkshire Shelly Drift: A Well-Armed Glacialist ; Anchor Ice 


| Notice of discussion on paper by F. Debenham]. The Naturalist, 
July, pp. 222-4. 

—— Yorkshire Millstone Grit [notice of A. Gilligan’s paper]. The 
Naturalist, August, p. 255. 

—— Type Ammonites [review of 8. 8S. Buckman’s work]. The 
Naturalist, October, p. 315; Geol. Mag., September, p. 429. 
—— Knitsey Fell Ganister [with analyses of Sheffield Ganister]. 
Quarry, September, p. 241. 
—— British Quarries during the War [notice of F. H. Hatch’s 

book]. Quarry, September, pp. 235-8. 


: 
: 
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Anon.—Sands; Iron Ores; Lincolnshire Ores [Review of P. G. H. 
Boswell’s pamphlet]. The Naturalist, October, pp. 316-7. 
North of England Borings [Notice of J. W. Evans’s nator) 
The Neturalist, November, pp. 350-2. 

—— Hull Museum: Additions to Geological Collection [Drake and 
Bower Collections]. Musewms Journal, October, pp. 66-67 ; Geol. 
Mag., November, pp. 482-3; The Naturalist, October, pp. 317-8. 

—— Quarries Statistics in 1918: Inspection Reports; II., Northern 
Division ; III., York and North Midland Division. Quarry, 
November, pp. 293-295; IV., Lancashire, North Wales and 
Ireland. Quarry, December, p. 322 

Atkinson, J. B. and Srosss, J. T. The Geology of the Refractory 
Materials of the North of England [abstract]. Quarry, July, 
pp. 181-185. 

Barry, J. W.—The Flood of August, 1917, and other Local Floods ; 
Ninety-Sixth Report of the Whitby Literary and Philosophical 

‘Society, pp. 1+ xvi. See also under 1918. 

Bett, ALFRED. Fossils of the Holderness Basement Clays, with Des- 
criptions of New Species [ Admete viridula sheppardi and Astarte 
apiculata|. The Naturalist, February, pp. 51-9; also reprinted 
in Hul Mus. Pub, No. 120, pp, 57-9. 

Botton, Eprra. Lower Coal Measures in Relation to Fossil Plants 
and Animals. Ann. Rep. and Proc. Bristol Nat. Soc. N.S. Vol. 
V., pt. 1., pp. 30-8. 

Bone, W. A.—See Anon. 

Boswe ut, P. G. H.—Sands: considered geologically and industrially, 
under war conditions. Liverpool, 58 pp. See The Naturalist, 
October, pp. 316-7. 

—— The Geology of Sands and Aggregates for Concrete Making, with 
Especial Reference to Texture [Paper read to The Concrete In- 
stitution, London]. 22 pp.; Abstract in Quarry, September, 
pp. 242-6. 

—— Ferruginous and Other Bonds in Moulding Sands. Paper read to 
the American Foundryumen’s Association, Milwaukee, in October, 

* 1918, 12 pp. | 

B[RapLey], J.—Malham and Settle Ramble, April 21st, 1919 [brief 
geological Notes]. 4 pp. 

Buckman, 8. 8.—Yorkshire Type Ammonites . . . Part xvii. [notice of ; 
see under 1918]. Geol. May., February, p. 82. 
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Buckman, S.8.—Yorkshire Type Ammonites [deseribing and figuring ; 
Arietites impendens: Lonyaeviceras lonyevum; Pseudocadoceras 
boreale ; Gagaticeras funiculatm ; Beaniceras costatum ; Fimbri- 
lytoceras fimbriatum|.. Part xvut., 8 Plates; Descriptions Nos. 
120 and 121, Appendix and Index. 

—— Type Ammonites, Part xix., Pts. 5,6; 9 Plates and a Portrait. 
See The Naturalist, October, p. 315. 

—— Type Ammonites [includes Goliathiceras ammonoides from Mal- 
ton; Amauroceras ferrugineum from ‘near Whitby”: Rursi- 
ceras reversuim, from Scarborongh]. Part xx., pp. 7-8, 14 Plates. 

CAMPBELL, A.—See E. H. Cunningham-Craig. 

CANTRELL, T. C., SHERLocK, R. L., and Dewey, Henry. Special 
Reports on the Mineral owas of Great Britain. Vol. IX., 
Iron Ores (continued) ; Sundry Unbedded Ores of Durham, Kast 
Cumberland, North Wales, Derbyshire, the Isle of Man, Bristol 
District and Somerset, Devon, and Cornwall. Mem. Geol. Survey, 
pp. iv.+87. Reviewin Nature, January Ist, 1920, pp. 429-431. 

Cote, G. A. J.—Aids in Practical Geology, 7th edition, 447 pp. 

CUNNINGHAM, Brysson.—Sea Aggression [review of ‘‘ Coast Erosion 


and Protection,” by E. R. Matthews ; see under 1918]. Nature, 


February 27th, pp. 505-6. 

CuUNNINGHAM-Craic, E. H.; ORMANDY, W:- BR.; Perxm,- 1) ae 
CAMPBELL, A. ; Diiatare. A. E.; SEABROOK, « H.—A Treatise 
on British Mineral Oil, xi. + 233 pp. 

Dewey, Henry.—See T. C. Cantrell. 

Dunstan, A. E.—See E. H. Cunningham-Craig. 

Evans, J. W.—Address to the Geological Section [of the British 
Association]. Abstract in Nature, October 2nd. pp. 102-107; 
Naturalist, November, pp. 350-352; Geol. Mag., November, pp. 
509-517, December, pp. 551-563. 

GILLIGAN, ALBERT.—The Petrography of a Sedimentary Rock, with 
special reference to the Carboniferous System. Tvrans. Jnst. 
Min. Eng., Vol. LVII., Part 1, Bide 1-13. Abstract in Quarry, 
March, pp. 67-9. 

—— The Petrography of the Millstone Grit Series of Yorkshire. Ab- 
stracts Proc. Geol. Soc., No. 1040., May 31st, pp. 88-92; Abs. im 
Nature, June 12th, p. 297; The Wetertlies August, p. 253, te 
Geol. Maq., August, pp. 331-334. 
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GILLIGAN, ALBERT.—The Gravels at Kirklees Park. Ann. Rep. 
— Huddersfield Nat. Photo. and Antig. Soc., 1918-1919, pp. 24-6. 
GILLIGAN, ALFRED [should be Albert].—Petrography of the Carbon- 
iferous System [Abstract of paper.read before the Mid. Inst. M. 

and M. Eng., January 30th]. Quarry, March, pp. 67-69. 

Harker, ALtFrep.—Petrology for Students. Fifth edition. Cam- 
bridge : 300 pp. 

Harcu, J. H.—Stripping and Working Ironstone Quarries. Quarry, 
August, pp. 211-216. 

—— The Ministry of Munitions and its influence on the Iron and 
Steel Trace. (I.) Introduction, Iron and Coal Trades Review, 
Vol. 98, June 27th, p. 873; (II.) Basic Iron Programme, loc. cit., 
Vol. 99, July 4th, pp. 1-2; (III.) Extensions to Works, loc. cit,, 
Vol. 99, July llth, pp. 35-6; (IV.) Steel Production, loc. cit., 
Vol. 99, July 18th, pp. 69-70; (V.) Some Steel-Making Materials, 
July 25th, pp. 103-5; (VI.) Hematite Ore, loc. cit., Vol. 99, 
August Ist, pp. 133-4. 

—— Recent Iron-Ore Developments in the United Kingdom [lecture 
delivered at the Royal School of Mines]. Journ. Soc. Chem. 
Industry, Vol. XXXVIII., No. 12, June, pp. 219R-223R. Geol. 
Mag., September, pp. 387-397. 

—— The Iron and Steel Industry of the United Kingdom under War 
Conditions: a record of the work of the Iron and Steel Pro- 
duction Department of the Ministry of Munitions. 167 pp. See 
review in Quarry, September, pp. 235-8; The Naturalist, Novem- 
ber, p. 355; Geol. Mag., September, pp. 424-5 

Hinp, WHEELTON and WiLMoRE, ALBERT.—The Siearitoraiis Suc- 
cession of the Clitheroe Province [Abstract]. Abs. Proc. Geol. 
Soc., pp. 18-20. Geol. Mag., February, pp. 88-89. The Naturalist, 
Feb., p. 56. 

Hoimes, Jonun. Geological Section [of Yorkshire Naturalists’ Union, 

brief report of]. The Naturalist, January, p. 42. 

—— Geology [of Hawes]. The Naturalist, September, p. 304. 

Jackson, J. Witrrip.—On a New Middle Carboniferous Nautiloid 
(Coelonautilus trapezoidalis). Mem.and Proc. Manchester Lit. and 
Phil. Soc., Vol. 63, Pt.1., pp. 1 to 4; Abstract in Nature, March 
6th, p. 181. 

Kenpatt, Percy Fry.—On “ Wash-outs” in Coal-seams and the 
Effects of Contemporary Harthquakes [Abstract]. Geol. Mag., 
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March, pp. 133-6; Abs. Proc. Geol. Soc., pp. 28-31; See also The 
Naturalist, February, pp. 51-53, Nature, January 30th, p. 437, 
and Phil. Mag., October, pp. 496-9. 

KENDALL, Percy Fry.—See Anon. 

LampLucu, G. W.—On a Boring at Kilnsea, Holderness. [Appendix 
VI. to Summary of Progress of Geol. Survey .. . . for 1918, pp 
63-4]. Reprinted in The Naturalist, 1920, pp. 63-65. 

Martruews, Ernest R.—See under Brysson Cunningham. 

Ormanpy, W. R.—See E. H. Cunningham-Craig. 

PercivaL, F. G.—Fallen Blocks near Blea Wyke Point. The 
Naturalist, September, pp. 291-2. 

Perkin, F. M.—See E, H. Cunningham-Craig. 

Procter, Cuas. F.—-Milk Tooth of Mammoth (Llephas primigenius) 
from Aldborough. The Natura’ist, May, p. 183. 

Rastauti, R. H.—{ Review of| the Jurassic Ironstones of the United 
Kingdom: and Average Analyses of British Iron-ores, by F. H. 
Hatch. (See under Hatch, 1918]. Geol. Mag., January, pp. 
38-9 

Riasratu!, R. H.—The North Riding of Yorkshire [review of]. Geol. 
Mag., September pp. 425-6. 

—— Specia Reports... Vol. VII., Lign'tes, Jets, Kimmeridge Oil- 
shale, Mineral Oil, Cannel Coals, Natural Gas. Part I., England 
and Wales, by A Strahan, 1918. [Review of]. Geol. Mag., May, 
p. 231-2. 

Ricuarpson, W. ALFRED.—The Origin of Cretaceous Flint. Geol. 
Mag., December, pp. 535-547. 

Rosinson, W. I.—The Relationship of the Tetracoralla to the Hexa- 
coralla. Trans. Connecticut Acad. Arts and Sev., Vol. XXI., 
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SKETCH MAP. 
Shewing Lines of Sections 
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The Sections, Figs. 1 and 2, are based mainly on data from the Horizontal Sections and Maps of the Geological Survey 

Fig. 1 intersects the Horizontal Sections—No. 130 at Sandsend, No. 134 at Flat Howe, No. 137 at Lilla Rigg, No. 135 at 24 
miles farther south, and No. 13] near Knapton; and it approaches No. 138p at 3 miles south of Knapton. : : 

Fig. 2 runs near and parallel to No, 132 from Eston to Kildale ; and it intersects No 134 at Three Howes, No 137 at Kirkby 
Moorside, No. 138c near Hildenley, and No. 139 at Acklam 
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ON DIFFERENTIAL EARTH-MOVEMENT IN NORTH-EAST 
YORKSHIRE DURING THE JURASSIC PERIOD. 


By G. W. Lamptueu, F.R.S. 
Presidential Address. 
(Read at York, November 16th, 1921.) 


In dealing with the structure of the Weald three years ago, in a 
Presidential Address to the Geological Society of London, I referred 
briefly to the wedge-like arrangement of the Jurassic rocks of York- 
shire, and mentioned that these deposits, like those of the south- 
country Weald, yielded evidence that they similarly were accumulated 
in a slowly sinking trough.* On the present occasion I propose to 
enter into some of the particulars relating to this matter, and to apply 
to the Yorkshire Oolites the method adopted for the Wealden rocks.t+ 

There is nothing novel in the method. It was applied by Mr. 
Cosmo Johns to the Coal Measures of Yorkshire in a suggestive paper 
published by our Society in 1906 ;f but, so far as I am aware, it has 
not previously been tested in respect to the Yorkshire Jurassic sequence. 
It is simple in essence, and may be stated as follows :-— 

When a particular bed in a stratified sequence bears evidence 
of having been deposited at the same depth, and at about the same 
time, over a wide area, it marks a plane originally parallel to the sea- 
level of its period—.e., a plane of horizontality. 

When several beds of this kind occur at intervals in the sequence 
and are not parallel to each other, we must infer that there has been 
relative change in the local plane of horizontality during the accumu- 
lation of the sequence, and we are enabled to determine the 

- direction and amount of the change. 

Glacial and Post-Glacial marine beaches have long been recognized 
as affording data of this kind ; and the beaches of older periods would 
be equally useful if we could be sure of their synchronism throughout 
their extent, which is often doubtful. Estuarine or brack-water 


* Quart. Journ. Geol. Soc., Vol. LX XV. (for 1919), pp. Ixxxvii-ix. 
t “On the Mesozoic Rocks in some of the Coal Explorations in Kent,” 


by G. W. Lamplugh and F. L. Kitchin. Mem. Geol. Surv., 1911, 


pp. 88-94. 

t “On Differential Earth Movements during Carboniferous Times, 
etc.” Proc. Yorks. Geol. Soc. for 1905. N.S., Vol. XV., pt. iii., 
pp. 372-9. 

2c 
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bands, whether intercalated in a marine or in a fresh-water series, 
are perhaps the surest indications of ancient planes of horizontality, 
since they must have been accumulated at or close to the sea-level of 
the period and are frequently continuous over wide areas. Coral-reefs 
and similar zodgenetic beds composed of organisms that thrive within 
narrow limits of depth are likewise serviceable ; and we can find also 
other extensive marine deposits, particularly among those of the 
calcareous sandstone type, which possess faunal and lithological charac- 
ters indicative of an even sea. floor. 

On the other hand, some limestones and most shales or clays, 
unless carrying an estuarine fauna, are not safe indications of level, 
as they may have been deposited at variable depths on a sloping or 
irregular floor, | 

When the change of relative level within a given district has been © 
considerable in the interval between the deposition of two originally 
horizontal beds, a definite unconformity may have been developed by 
the erosion of the uptilted portion of the lower band before the higher 
band was accumulated. More commonly, the displacement has not 
been sufficiently great to produce this result, and the inequality has 
been levelled up by the precipitation of thicker sediments over the 
depressed area; so that the strata between the bands form a blunt 
wedge, of which the thick end indicates the area of greatest depression. 

When several index-beds of horizontality can be detected in an 
unbroken sequence of deposits, the intervening wedges of strata will - 
show whether the movement was constant in direction, and will give 
its vertical measure between any two of the planes. 


INDEX-PLANES IN THE YORKSHIRE JURASSIC SEQUENCE. 


There are several planes within the Yorkshire Jurassic sequence 
for which, with certainty, we may postulate former horizontality, 
and others which we may place in the same category with fair con- 
fidence. They are fortunately so distributed as to give us an insight 
into events through almost the whole of the period ; and their evidence 
points consistently to the predominance of downward movement in 
one quarter from beginning to end, in spite of some minor local 
oscillations. This differential movement was superimposed upon th 
wider general movements affecting the area in common with oth 
regions during the period. 
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Starting at the bottom, we have in the Rhetic beds a typical 
example of horizontal sedimentation. From their faunal and litho- 
logical characters, we recognize that these beds were deposited in a 
shallow sea which invaded a broad inland basin already levelled up 
with the sediments of a salt-lake constituting the Keuper Marl. 
Though sparingly exposed, these Rheetic beds are believed to extend 
unbrokenly beneath the Lias from the Tees to the Humber. Therefore 
they afford a most convenient basal plane from which to reckon 
Jurassic earth-movement. 

The Gryphza-beds of the Lower Lias and the Pecten-beds of the 
Middle Lias carry evidence of original uniformity of depth over a wide 
area, and afford information as to the progress of the movement 
during Liassic times. 

The Dogger at the base of the North Yorkshire Oolites usually 
marks a break in the sedimentary sequence ; but in the coast-sections 
at Blea Wyke the transition from Lias to Oolites is gradual, through 
passage-beds which indicate progressive shallowing of the Liassic 
sea. The irregularities produced at the close of the Liassic period 
by tilting and perhaps locally by faulting appear to have been level- 
led up by the Dogger; so that, although its base is uneven, its top 
may be accepted with fair confidence as originally a horizontal plane, 
on which the lowest beds of the Estuarine Oolites were accumulated. 
The relation of this plane to that of the Rhetic affords us a useful 
measure of the net displacement during Liassic times. 

The relatively thin Marine Bands intercalated with the masses of 
estuarine or fresh-water sediments which form the major portion 
of the Lower Oolites of North Yorkshire have long been recognised as 
having been deposited in shallow water during wide-spread incursions 
of the sea on a subsiding tract. They are three in number—the 
Ellerbeck Bed, with its southern equivalent, the Hydraulic Limestone ; 
the Millepore Bed; and the Scarborough or Grey Limestone; and 
though their value is somewhat impaired by the fact that they are 
not continuous over the entire area, they furnish us with three trust- 
worthy and complementary datum-planes fulfilling all the required 
conditions. For generalizing purposes, it will be most convenient to 
take the Grey Limestone in the northern part of the area and the 
Millepore Bed in the southern part as representative of the three, 
since all three yield practically the same evidence. Some points of 
minor consequence, with which I do not propose to deal, may, however, 
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be deduced from the relations of the three planes to each other in passing 
across the district. 

At the top of the Lower Oolites, I think that we may take the base 
of the Cornbrash with fair confidence as having been originally hori- 
zontal. The position and persistency of the Cornbrash at the top of 
the Estuarine series leave no doubt that it represents a wide en- 
croachment of the sea over the estuarine or fluviatile flats; and its 
relation to the overlying sandy Kellaways Rock points to the per- 
sistence of shallow and uniform conditions on the sea-floor of the period. 

In the Middle Oolites, the Oxford Clay affords little or no indi- 
cation of relative levels, but the Corallian series unmistakably denotes 
shallow-water conditions. Perhaps the best criterion in this series 
is the horizon of the coral-reefs—the Upper Corallian limestone and 
Coral Rag—which must have been everywhere ciose to the sea-level 
of the period; and although the reefs may not have been strictly 
contemporaneous throughout the district, the earth-movements 
within the narrow time-limits of the reef-formation were too small 
to be appreciable in the present discussion.* 

The remainder of the Jurassic sequence in Yorkshire is repre- 
sented by clays—the Kimmeridge Clay and the doubtful Portlandian 
of Speeton—which were deposited in seas of some depth and probably 
on a shelving floor, so that they contain no plane on which we can 
depend. They are, however, shaved off southward into a wedge, in 
common with all the Oolites, by the great unconformity of the Upper 
Cretaceous rocks. 

The conglomeratic Red Chalk under the Western Wolds, which 
passes unconformably across well-nigh the whole of the Jurassic 
sequence in approaching the crest of the pre-Upper Cretaceous anticline 
near Market Weighton, was probably at first nearly, if not quite, 
horizontal; but although so thin, the accumulation of this band 
appears to have covered a long period of time, and may not have been 
exactly contemporaneous in all parts of the district. We cannot tell 
what thickness of the Kimmeridge Clay was deposited over the site 
of the anticline, where it is now absent; but from the indications 
obtainable where the formation sets in again on the southern side of 


* For purposes of calculation of thickness it is convenient to include 
the Upper Calcareous Grit with the other Corallian rocks, as I have 
done in the summary, p. 393; but the plane shown in the die 
(Fig. 1) is drawn at the top of the limestones. 


LAMPLUGH : EARTH-MOVEMENT IN NORTH-EAST YORKSHIRE. 387 


the anticline towards the Humber, we may be fairly certain that it was 
never anything like so thick on the crest as in the Vale of Pickering. 
In any case, the Upper Cretaceous unconformity itself proves that the 
northern area was still further depressed relatively to the south during 
the closing stages of the Jurassic, and probably also during a large 
part of Lower Cretaceous times, while the Speeton Clays were being 
deposited. We may therefore, I think, use the Red Chalk as a datum- 
plane to round off our investigation ; but its value is impaired by the 
fact that it now remains in the southern part of the district. only, 
and cannot safely be assumed to have maintained the same attitude 
in its former northward prolongation. 

For the purpose of analysing the inter-Jurassic movements, it 
will suffice to consider the following six planes, as the others enumerated 
are less conveniently spaced, besides merely repeating the evidence. 


6. Red Chalk. 

5. Corallian Limestones. 

4, Cornbrash. 

3. (a) Millepore Bed (southern area); (b) Grey Limestone 
(northern area). 

2. Dogger. 

1. Rhetic. 


RELATIVE POSITION OF THE PLANES. 


We fortunately possess full data respecting the position of the 
planes in the admirable series of Geological Survey maps, sections, 
and memoirs embodying the work of the late C. Fox-Strangways 
and his colleagues; and the exceptionally close contouring (25 feet 
intervals) of the 6-inch Ordnance maps, the basis of the geological 
work for this district, affords unusual facility for calculating the 
levels from the position of the outcrops. The published ‘“ Horizontal 
Sections” of the Geological Survey in particular show the relations 
of most of the planes, on a true scale, in various directions across the 
district. But on these long sections, drawn to the same scale vertically 
as horizontally, it is impossible to bring out distinctly the salient 
points of the structure as a whole, not only because of the scale, but 
also because the dominant characters are frequently obscured by local 
accidents of undulation and faulting. To render the matter explicit, a 
diagrammatic treatment of the facts is requisite, with the elimination of 
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local circumstance and a considerable exaggeration of the vertical scale. 
This has been done to some extent, and piecemeal, by Fox-Strangways, 
in a series of plates in his General Memoir on the Jurassic Rocks of 
Yorkshire ;* also on more general lines by Professor P. F. Kendall 
in his Report on the Concealed Coalfield,f in which he illustrates the 
Jurassic wedges and shows their disposition in respect to the Market 
Weighton anticline. 

My further treatment of the subject will be based almost entirely on 
the Survey records to which I have referred. In the diagram, Fig. 1 
(Pl. XLIV.), I have plotted the thickness of the strata between the 
severel planes, with a vertical exaggeration of 26, on a north-south line 
of about 36 miles running from the coast at Sandsend, west of 
Whitby, to the neighbourhood of Huggate, near Pocklington. The 
line selected is that of Longitude West 0° 40’, but any parallel line 
for several miles eastward or westward would yield nearly the same 
section. 

Most of the Jurassic sediments attain their maximum thickness 
shortly before reaching the northern end of this section and dwindle 
shghtly towards its termination, as is shown by the flattening of the 
curves. If the section had been drawn farther westward, to start 
from the coast near the mouth of the Tees, it would have added 6 or 8 
miles to the length shown, and the additional portion would have 
presented a more decided northward contraction from the maximum 
thickness. 

In the diagram, I have plotted the lowest plane—that of the 
Rheetic — as a level-course, and have adjusted the higher planes to 
the positions they would occupy if the Rheetic still lay horizontally 
under the whole area. Owing to the much greater thickness of the 
superjacent strata in the north, where the succeeding planes up to the 
Corallian are spaced out in a column of about 2300 feet, as against 
less than 300 feet in the south, this arrangement gives to all the higher 
planes a southward inclination, steadily increasing in amount in upward 
order. But we know that each plane in turn was originally horizontal ; 


* “The Jurassic Rocks of Britain, Vol. I., Yorkshire.’ Mem. 
Geol. Surv., 1892. 

+ “Royal Commission on Coal Supplies,’ Appendix III., Final 
Report, 1905, pt. ix.: ‘“‘Sub-report on the Concealed Portion of the 
Coalfield of Yorkshire, Derbyshire and Nottinghamshire,” pp. 19-24, 
28, and Plate VIL., Fig. 4. 
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and when in this position, any plane buried below it must have had an 
opposite or northerly inclination. 

The varying conditions can indeed be Serle exemplified by the 
diagram, if it be pivotted at a point near the southward end of the 
section where most of the planes if prolonged would intersect. Thus 
pivotted, it can be rotated to bring any desired line to horizontality, 
and will then show the relative positions of the others. If one of the 
middle planes, say that of the Grey Limestone or of the Millepore Bed, 
be placed horizontally, the dip of the beds above and below it will be 
in opposite directions, although there is no pronounced break or un- 
conformity in the stratification. The reversal of dip thus revealed 
depends entirely upon the relatively greater thickness of the strata, 
both above and below the plane, at the northern end of the section. 
In the diagram the discordance of dip is, of course, greatly intensified 
by the exaggeration of the vertical scale ; it is really slight, and to be 
reckoned in feet per mile rather than in angular degrees ; in fact the 
cumulative effect of the whole wedge from bottom to top would yield 
a dip of barely 1°. None the less, its consequences as a factor in the 
stratigraphy of the region are important. 

Rendered in terms of feet per mile, the following are the average 
southward dips of the Jurassic planes in the northern 30 miles of the 
section, reckoned from a horizontal Rhetic base :— 


Corallian—about 63 feet per mile (=1 in 84). 

Cornbrash—about 50 feet per mile (=1 in 105). 

Grey Limestone and Millepore—about 43 feet per mile (= 1 in 
123). 

Dogger—about 36 feet per mile (=1 in 146). 


Interpreting the course of events from the relations of these 
planes, we perceive that between the Rhetic period and that of the 
Dogger the subsidence in the north had been over 1000 feet greater 
than that in the south, and continued in about the same proportion 
throughout the period of the Lower and Middle Oolites, so that by 
Corallian times the northerly subsidence had reached about 2100 
feet more than in the south, with a further increase of uncertain 
amount during the Kimmeridgian period. 

These figures do not, however, give the full measure of the depres- 
sion, as they leave out of account the vertical contraction which must 
have occurred in the column of sediments during their consolidation. 
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The hard dry shales of the Lias and Oolites in their present state must | 
represent a much greater thickness of the original clay-sediment, _ 
and even the sandstones must have shrunk, though to less degree, 
in parting with the water of sedimentation. The shrinkage began, 
no doubt, almost as soon as the beds were deposited ; it may indeed 
have aided in producing the effect of slow subsidence in the basin 
when the deeper crust-movement was temporarily in abeyance. But 
the process must be gradual and continuous, and is probably still to 
some slight extent operative. Its measure as between one period 
and another cannot be computed ; but I should think that we might 
safely make an average addition of 10 per cent. to the present measure- 
ments on this account. 

The subsidence reached its maximum in an oval tract truncated 
by the present coast between Scarborough and Whitby. It diminished 
gradually westward and northward, but in these directions the recession 
of the outcrops has greatly reduced the evidence as to the original 
limits of the depressed tract. 


GENERAL DEDUCTIONS. 


The probability that high land bordered the Jurassic basin at 
no great distance on the north and west has long been recognised,* 
and is fully discussed by Fox-Strangways in his General Memoir on the 
Yorkshire Jurassic Rocks.t The westerly thinning of the sediments 
is well displayed in three ‘‘ Horizontal Sections’ of the Geological 
Survey, which run east-and-west, to wit, Nos. 134, 136 and 137, 
particularly in the last; it is also brought out clearly in some of the 
‘* Comparative Sections *’ in the above-mentioned Memoir (Plates III., 
IV. and V.). Near the western escarpment in the Hambleton Hills 
the Lias is shown to be at least 700 feet thinner than in the eastern 
coast-sections, and the Lower Oolites 200-300 feet thinner. In the 
Middle Oolites, so far as they can be compared, there is less difference ; 
but the sequence in the Hambleton country is incomplete. 

The eastward prolongation of the trough or basin lies beneath the 
North Sea and cannot be foilowed ; but its longer axis appears te have 
trended approximately W.S.W. to E.N.E. 

Judging from the position and characters of the Speeton Clay and 


* eg. A. J. Jukes-Browne, ‘‘ The Building of the British Isles,” 
2nd ed. Lond., 1892, pp. 222-237 and pl. viii. 
+ Mem. Geol. Surv. supra cit. Chap. XVI., pp. 383-407. 
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of the patches of Lower Cretaceous Sands beneath the Chalk of the 
Western Wolds, it is probable that the relative depression of the basin 
was continued, and perhaps accelerated, during Lower Cretaceous 
times, and did not cease until after the whole region was invaded and 
sunk beneath the wide waters of the Chalk sea. 

The later history of the area must rest for the most part on surmise, 
as it embraces a period of long-continued uplift and erosion, during 
which the original bounds of the strata have been everywhere greatly 
reduced, and the evidence of the process constantly blotted out as 
the surface was lowered. The complete removal of the cover of Chalk 
from the northern tract debars us from any certain knowledge of the 
state of that region at the close of Upper Cretaceous times; but the 
known thinning of the Lower Chalk northerly and westerly in the 
Wold country,* along with some hypothetical considerations which 
_ may be left unstated for the present, suggest that the deepening of the 
northern basin had ceased then, and was giving place to a relative 
uprise. Some traces of this counter-movement are perhaps still to 
be found in the low anticline which strikes inland westward from 
Robin Hood’s Bay through the deepest part of the old depression. 

In many features, the structure recalls that of the Weald of Kent, 
where the present anticline is superimposed upon an underground 
syncline ; but with this difference, that in Yorkshire the whole basin has 
been tilted up, so that all the once-horizontal planes within it are now 
inclined, whereas in the Weald the final result of the movements is that 
one of the medial planes is now once again horizontal, or nearly so, 
over a considerable tract. 

If at the beginning of Tertiary times the column of Chalk above 
the Oolites of the present Moorland country was as thick as that now 
existing in Holderness and the Wold country (supposed to be 1400- 
1500 feet {), the total thickness of strata above the Rhetic would be 
about 4000 feet in the north and about 1750 feet in the south. But 
the present position of the rocks shows that the Tertiary uplift has been 


* W. Hill, ““On the Lower Beds of the Upper Cretaceous Series 
in Lincolnshire and Yorkshire.”” Quart. Journ. Geol. Soc., Vol. XLIV. 
(1888), pp. 320-366. 

t See ‘‘ The Structure of the Weald and Analogous Tracts.” Pres. 
Address Geol. Soc., 1919, supra cit., Plate of Sections. 

t See “‘On a Boring at Kilnsea, Holderness,” in Swmmary of 
Progress of Geol. Surv. for 1918, p. 63 and The Naturalist, February, 
1920, p. 64. 
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greatest in the Yorkshire area where the Secondary strata were thickest; 
and it is the same in the Weald and in the South Midlands of England. 
We may call in the weight of the sediments to explain the progressive 
deepening of the basin, but the idea fails us, here as elsewhere, when 
we come to deal with the whole history of the area. If, under certain 
conditions, extra weight be operative in the production of such basins, 
its operation is clearly not cumulative, and can be overpowered and 
obliterated by other factors, whatever these may be.* In applying 
this ‘‘ theory of isostasy ”’ (as it is sometimes called), there is obviously 
a danger of confusing cause and effect. Sediments would tend to 
accumulate within a basin lying in their path, whatever its origin ; 
and they would continue to gather there so long as it continued to 
deepen. How are we to distinguish between a case in which the 
position of the sediments is due to the presence of the basin, and one 
in which the position of the basin is due to the presence of the 
sediments ? 

Reverting to the diagram Fig. 1, it is obvious that when the Upper 
Cretaceous plane was horizontal, all the underlying Jurassics in the 
line of section must have had a northerly dip, if we may rule out the 
uncertain factor of concealed pre-Cretaceous faulting. Therefore the 
present general southerly dip of the Lias and Oolites between the 
valley of the Esk and the Vale of Pickering, if measured from the 
horizontal, does not give the full value of the relative northern uplift, 
but requires to be supplemented by the amount of the previous 
opposite dip. The northern upheaval appears to have pivotted on 
nearly the same hinge-line as the preceding subsidence, and regained 
in this quarter more than was lost. But it has not wholly obliterated 
the original basin. The bold westerly bulge of the Jurassic outcrops 
between the Tees and the Humber is to some extent indicative of the 
position of the deeper part of the basin; and this is still more clearly 
displayed if we plot the present profile of the Rheetic plane along a 
line drawn south-south-eastward from the mouth of the Tees to the 
western corner of the Chalk escarpment, as I have done in Fig. 2 (PI. 
XLIV.). This plane has, of course, been affected by every movement 


* Some of these difficulties in the theory of -isostasy have been 
recently discussed from the physicists’ standpoint by Dr. H. Jeffreys, 
in a speculative paper ‘“‘ On Certain Geological Effects of the Cooling of 
the Earth,” Proc. Roy. Soc. Series A, Vol. 100, No. A703 (1921), 
pp. 122-149. ; 
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since Rhetic times, and its present position shows the net result of 
all the movements. Its synclinal attitude, now interrupted toward 
the north by the superimposed anticline of the northern moorlands 
and by the Guisbrough trough, is the residue of the deeper syncline 
before the Tertiary uplift. It will be noticed that the deepest part 
of the depression still coincides nearly with the tract in which the 
Oolitic sediments attained their maximum thickness.* 


SUMMARY AND CONCLUSION. 


To sum up the course of the events which we have traced with 
the help of the planes, we may recognise :— 


1. A horizontal floor throughout the north-eastern part of 
Yorkshire during the deposition of the Rhetic beds. 

2. A subsidence during the period of the Lias, with a tilting of 
the floor downward to the north, so that at the close of the 
period it was over 1,000 feet lower in tke north-east than in 
the south-west. 

3. A continuance of the same unequal subsidence during the 
period of the Lower Oolites, bringing the extreme difference 
of level up to 1600 feet. 

4. Toward the close of the period of the Middle Oolites the 

difference had increased to about 2100 feet. 

A further increase of the depression during the period of the 

Upper Oolites and until Upper Cretaceous times, but the 

amount not now directly ascertainable; the maximum 

depth of the depression, however, was probably not less than 

2500 feet. 

6. A reversal of the process during the Tertiary epoch, with a 
relatively greater uplift of the country in the north than in 
the south, obscuring and partly obliterating the original 
arrangement. 


fe) | 


* Incidentally, the plotting of the Malton group of faults north of 
Acklam, from the data on the Geological Survey maps and sections, 
brings out the circumstance frequently to be observed in much-faulted 
districts, that the average inclination of the dominant folding-structures 
is hardly altered at all by the step-faults, the local effect of the faults 
being counteracted by a reduction, or reversal, of the dip in the blocks 
of strata between the faults. There is probably some complementary 
faulting on the northern slope of the hollow, where none is shown ; 
the presence of Kimmeridge Clay at the surface above this slope is 
unfavourable for the detection of faults. 
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The inference to be drawn from these considerations is that there 
was a persistent south-eastward land-border to the Jurassic basin 
somewhere in the region now covered by the Chalk, and that in this 
region the concealed Jurassic strata are likely to continue to decrease 
in thickness as they recede beneath the Chalk, just as they are known 
to do in Kent and the Eastern Midlands. Deep borings in South- 
eastern England have proved that the wedge of pre-Cretaceous 
Secondary rocks thins out entirely before reaching the East Coast 
between Northern Kent and Norfolk, so that Palsozoic formations 
are found in this quarter immediately beneath the Cretaceous strata, 
and at much less depth than in the area beyond the Chalk escarpment. 
How far northward this condition may extend we do not know as yet, 
but it is hardly likely to swing north-westward far enough to catch 
the south-eastern corner of Yorkshire. Nevertheless, it is not probable 
that the thickness of the Jurassic rocks would be formidable in 
an exploratory boring anywhere between the South Holderness coast 
and the western edge of the Wolds. Unfortunately the same cannot 
be postulated for the New Red rocks (Trias and Permian). These 
are usually absent in the South-east of England, but are likely to be 
very thick under the Wolds and Holderness, judging from the results 
of the Market Weighton and other borings in the low ground bordering 
the upper reaches of the Humber.* In fact these results appear to 
denote that the Market Weighton anticline may itself mark an uplift 
over the deepest part of an infilled Triassic basin, comparable to the 
uplift of the Yorkshire Jurassic basin and of that of the southern 
Weald. But we need a bold and persevering plunge with the boring- 
rods east of the Wolds before we can complete the Mesozoic history of 
the county; and the plunge should be worth making for the prac- 
tical knowledge it would give us, even though it should yield no results 
of immediate commercial value. If there be a man of means to do 
this for us, he may at least count upon our thanks, should no other 
reward be forthcoming. 


* W. Gibson, ‘‘ On a Deep Boring near Market Weighton.” Sum- 
mary of Progress of the Geological Survey for 1917, pp. 42-45: also 
‘*The Concealed Coalfield of Yorkshire and Nottinghamshire.” Mem, 
Geol. Surv., 1913 (Selby, Barlow, Carlton, Thorne and other borings), 
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ON A PECULIAR DISPLACEMENT IN THE MILLEPORE 
OOLITE NEAR SOUTH CAVE. 


By J. W. Statuer, F.G.S. 


A section in the Millepore Oolite on the Hull and Barnsley 
Railway, close to South Cave Station, and on the south side of the line, 
was described in 1883 by Keeping and Middlemiss* as follows :— 

“The cutting now entered is twelve feet in the highest part and 
792 feet long. The rock is uniform in character—being a characteristic 
well-bedded Oolite, quite like the Millepore Oolite of the Howardian 
Hills. Oolite grains form the mass of the rock.” 

The beds of this cutting have been recently excavated on an 
extensive scale by The Grey Stone Company, Ltd., and the quarrying 
back of the limestone has revealed some unexpected features. 

The most important of these is the occurrence of an irregular band 
of flinty and chalky rubble-drift, beneath a mass of displaced Millepore 
limestone, partly shattered, but in some places maintaining its original 
bedding, so that except for the evidence of the section it might have 
been regarded as in situ. 


Tue MILLEPORE OoLITE AND ESTUARINE SANDS. 


In working back into the hill, the section rapidly increased in 
height, and the sands of the Estuarine Oolite and Kellaways Rock,t 
normally overlying the Millepore in this district, set in at the top, and 
in some parts of the section rapidly attained as much as 14 feet in 
thickness. The sands appeared to be disturbed, and were unevenly 
distributed, in some places occupying hollows in the underlying 
Millepore, apparently due to displacement of some kind. The Millepore 
Limestone itself shewed unmistakable signs of disturbances, for, 
though the main lines of bedding are well maintained, they are almost 
throughout the section bent and shattered, shewing open joints, cracks 
and large cavities. It seems likely that this condition is due to irregular 
slipping of the Millepore beds down the hillside into Drewton Valley, 
and this explanation becomes all the more probable when we remember 
that the Millepore Limestone is here underlain by wet and slippery 


* Geol. Mag., dec. II., Vol. X., p. 216. 


_ + Fox-Strangways, Jurassic Rocks of Britain—Yorkshire, Vol. I., 
pp. 260 and 290. 
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Lias shales, and that the thin Lower Estuarine Clays and sands which 
usually underlie the Millepore* appear to be absent at this point. 
The Lias shales were well seen in a large trial hole, twelve feet below 
the floor of the quarry, and the following fossils were collected from 
them :—Protocardia truncata (J. de C. Sow.), Pholodomya cf. ambigua 
J. Sow., Pleuromya costata ? Y. and B., Ceromya ? 

The displacements in the lower part of the section appear to be 
quite independent of the curious complications in the higher part 
associated with the rubble drift, and are probably of earlier date. 


THE RuBBLE-DRIFT. 


The lowest drift-deposit is an irregular band, ranging up to 6 ft. 
in thickness, and consists of fragments of flint and chalk up to 
several inches in diameter, along with occasional pieces of Red Chalk 
and some larger fragments of Millepore Limestone, set in a matrix of 
gritty chalk-wash like that seen underneath the drifts in some of the 
deeper hollows of the Chalk on Flamborough Head. The band first 
made its appearance when the quarry had been cut back a few feet 
from the original face, and it is not continuous at present through the 
whole of the section. 

A few stones foreign to the district have been found in this material. 
Prof. P. F. Kendall, M.Sc., has kindly examined five of these, and 
remarks as follows :— 

No. 1.—Quartz porphyry, origin unknown. 

No. 2.—Crushed and sheared granite, origin unknown; not 

English, but may be British. 

No. 3.—A fine grained felsite with tourmaline. 

No. 4.—Decomposed porphyrite of the Cheviot type. 

No. 5.—Red Sandstone; might have come from Millstone Grit 

or Old Red. 


THe Ciay Bann. 


Usually at the top of this chalky rubble-drift there are a few 
inches of dark blue or blackish clayey material of problematic origin. 
On washing this clay, it is found to contain fragments of a small 
Pentacrinus, which suggests that the material has been derived from 


* Ibid., p. 204. 


: 


STATHER : MILLEPORE OOLITE NEAR SOUTH CAVE. 397 


the Lias occurring below the Millepore rock. Some minute tubular 
cavities in the clay are suggestive of.rootlets of vegetation such as might 
indicate an old land surface, but no carbonaceous matter has been 
found, or any other proof of land conditions. The clay band is in 
some places crumpled and contorted. 

This clay-seam beneath the displaced sheet of limestone -has 
apparently formed the gliding plane on which the limestone has slid. 


THE DISPLACED MILLEPORE LIMESTONE. 


Immediately above the clay band, there was in October, 1920, a 
displaced sheet of Millepore Oolite—sometimes shattered, sometimes 
in long tabular bedded masses—extending to the top of the section as 
seen at present. In thickness this displaced Oolite varied from 3 feet 
to 12 feet, and was seen for a length of 300 feet. 

The presence of the Millepore limestone in this situation, not only 
above the chalky rubble, but also above the Estuarine Sand, can only 
be explained by supposing the limestone has been carried over the 
newer deposits by some transporting agency, presumably Glacial. 
There is no place in the immediate neighbourhood from which the 
Millepore Oolite could have slipped by gravity into its present position. 

During the past two years the face of the quarry has been carried 
back at least ten yards, and the sections exposed have been constantly 
under observation. As might be expected, the Millepore beds at the 
base and the Sands above them, owing to their disturbed and shaken 
condition, have shown constant change in detail as the section was 
cut back, but they have maintained their relative positions. The 
rubble-drift also has shown much variation in thickness and arrange- 
ment. On the other hand, the narrow band of clay above the drift 
has shewn little alteration, and has persisted uniformly underneath 
the displaced slabs of Millepore. The displaced limestone itself has 
gained in thickness and regularity as the excavation has been carried 
deeper into the hill. 

It would be premature to attempt at present a complete explana- 
tion of this puzzling section, as the full extent of the displacement has 
not yet been disclosed. It is, however, now evident that the com- 
plications include two distinct factors :— 

(1) The confusion due to the irregular downward movement of 
the Millepore beds, caused by slips or creep over the shaly Lias, brought 
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about by the action of springs and the erosion of the valley of the 
Drewton Beck. There is likewise the possibility of the rocks being 
affected still earlier by a small strike fault. 

(2) A later displacement of the sheet of Millepore Oolite above the 
Glacial rubble at the top of the section, which must apparently be 
attributed to some kind of Glacial action. 

As to the mode of this Glacial action, no conclusion can at present 
be reached. The absence of boulder clay and the predominance of 
local detritus in the gravelly drift tell against the supposition that the 
transport is the result of the direct impact of the great Eastern Ice- 
sheet. It has, however, long been postulated that when the estuary of 
the Humber was blocked by this ice-sheet—of which the boulder clay 
at North Ferriby is believed to mark the moraine—the low ground west 
of the Yorkshire Wolds must have been occupied by a lake, to which 
the name “‘ Lake Humber” has been applied.* There are several 
features in the South Cave section which suggest that the shore of this 
old lake may at one time have been situated in this quarter. Ifso, the 
displacement of the limestone may have been due to the winter freezing 
of the shallow waters and the shifting of portions of the rock-floor 
when the ice broke up, and was driven inshore in the summer. 

It is to be noted that the curious mass of rubble-drift at Sancton, + 
which has some features in common with the South Cave dritts—notably 
the presence of a clay-streak—occurs nearly at the same level—about 
170 feet above sea-level. Also that the mammaliferous Glacial gravel 
at Mill Hill, Elloughton, described by Lamplugh and Sheppard, occurs 
at about 115 feet above sea-level. 

Since the above paper was read to the Society, Prof. Kendall has 
kindly sent me the following valuable notes relating to the lacustrine 
deposits of the Vale of York :— 

“ The alluvial plain of the Lower Ouse, Aire and Trent, extending 
from the Escrick moraine down to the latitude of Bantry, and 
from the Magnesian Limestone outcrop in the West to the Jurassic 
escarpment of the Hast Riding of Yorkshire and North Lincolnshire, 
is mainly constituted of warp clays, long recognised as of lacustrine 
origin. They attain a thickness of 200 feet at Barnby Dun. 


* Carvill Lewis, Extra Morainic Lakes, Geol. Mag., dec. III., 
Vol. IV., pp. 515 to 517. Kendall, Glacier Lakes in the Cleveland 
Hills, Quart. Journ. Geol. Soc., Vol. LVIII. p. 567. 

\ { Trans. Hull. Geol. Soc., 1894, Vol. II., p. 10. 
2D 
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“A very significant section is exposed at Harworth, about 8 miles 
S.E. of Doncaster. About 20 feet of clay is exposed in a brickyard. 
When seen in 1896, the clay appeared to be devoid of lamination or 
bedding, but sections now visible show both features well. On some 
faces the stratification is thrown in great rolls and minor contortions, 
often enclosing masses of stratified sand. These eyes of sand vary in 
size from an inch in diameter up to several feet. The stratification 
may be at any angle to the horizontal, and in the larger bodies is, 
besides, being abruptly cut off at the ends. The smaller inclusions 
may be crowded together like the pebbles in a gravel, and all, whether 
large or small, have, it is suggested, been moved in a frozen condition. 

“ The interpretation offered is that the deposit was laid down in a 
lake subject to severe freezing and drifting of floating ice, which 
contorted the deposits when it grounded. 

‘““ There are many pebbles and boulders, chiefly of local rocks, but 
a peculiar significance attaches to the frequent occurrence of glaciated 
blocks of hard Chalk of the type found in the Wolds of Yorkshire 
and Lincolnshire, accompanied by large tabular grey flints of the 
same provenance. One specimen was found of fossiliferous oolitic 
limestone of a very distinctive type, recognised by Mr. M. Odling as 
exactly resembling a rock he has observed on the Hambledon Hills. 
The altitude at which this deposit occurs is about 100 feet above 
sea-level.” 


In conclusion, I should like to thank Prof. P. F. Kendall, M.Sc., 
and Mr. G. W. Lamplugh, F.R.S., for many helpful suggestions during 
the preparation of these notes; and also to mention how much I am 
indebted to Mr. W. H. Crofts for obtaining detailed measurements of 
the section from time to time, and supplying the illustration on page 
398 and the map. Thanks are also due to Mr. J. T. Dyson for the 
photographs, and also to Mr. Thos. Sheppard, M.Sc., for help in the 
field and in many other ways. 


Proc. Yorks. Geol. Soc., Vol. XIX., Plate XLVIL. 
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SOME OBSERVATIONS ON THE GLACIAL GEOLOGY 
OF FURNESS. 


By Grorce Grace, B.Sc., A.R.C.Sc., and FREDERICK HowarpD 
SmirH, B.Sc. 


(Read on March 29th, 1922.) 


For the purposes of this paper Furness may be taken as that 
portion of the Lake District which is bounded on the west by the 
River Duddon, on the north by the Little Langdale, and on the east 
by Windermere and the River Leven. Within this area the solid 
geology, so far as it affects the glacial geology, is very simple. If a 
line be drawn from Duddon Bridge in a north-easterly direction through 
Coniston and forward, it will cut off a north-westerly portion composed 
of Ordovician volcanic rocks of the Borrowdale series, and leave a 
south-eastern area chiefly made of Silurian slates and grits. Although 
there are minor variations in the dip and strike of these rocks, they may 
be regarded as having a general strike parallel to the dividing line 
mentioned, and a dip towards the south-east. 

The volcanic area consists of a mountainous massif, culminating 
in the Coniston Old Man (2633 ft.), and running to the south-west until 
it is cut off by the Duddon estuary. The south-east area is divided 
naturally into a hilly portion in the north, reaching in several places to 
1000 feet, and a much flatter area, south of Ulverston, generally 
known as Low Furness, much of which is below the 50 feet contour. 

Very little attention appears to have been given to the glacial 
geology of Furness for many years. Clifton Ward* published details 
of the glaciation of the southern Lake District in 1875, but stopped at 
the northern boundary of Furness, and no one appears to have con- 
tinued his work. We have failed to find any systematic description 
of the glaciers of High Furness, although their general courses seem to 
have been common knowledge, and are referred to by many writers, 
notably by Prof. Marr in his “ Geology of the Lake District.”’ Most 
of the details we give in the following paper appear to be quite new. 

The drifts of Low Furness and, to a certain extent, of High Furness, 
were dealt with by Mackintosh,t who gives a full and accurate account 


* Quart. Journ. Geol. Soc., Vol. XXXI. (1875), pp. 152-165. 
+ Quart. Journ. Geol. Soc., Vol. XXV. (1869), pp. 407-431; Vol. 
XXIX. (1873), pp. 351-359; and Vol. XXX. (1874), pp. 174-179. 
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of them in several papers, but his conclusions are invalidated by his 
failure to distinguish between the insular drift and that from the 
Irish Sea. He seems to have regarded granite as the criterion of 
Upper Boulder Clay; consequently his Lower Boulder Clay and 
Middle Series are mostly insular drift. The same confusion occurs in 
J. D. Kendall’s* paper in 1880. 

B. Smith,t in his paper or the Glaciation of the Black Combe 
District, deals with some of the phenomena produced by the ice at 
the head of the Duddon estuary, and his observations seem to fit 
consistently with those recorded below. In the latter part of his paper 
he suggests “that the water accumulating in the Duddon estuary 
must have escaped somewhere to the south along the coastline of 
Furness.” This has turned out to be an accurate forecast of what 
we have found. 


THe PRE-GLACIAL CONDITION OF FURNESS. 


It is generally admitted that at the beginning of the Glacial 
Period the Lake District had been above sea level for a considerable 
period, and that the agents of normal denudation had been at work 
for a sufficient time to reduce it to what Prof. Davis has termed an 
area of “ Subdued Relief.” The present condition of High Furness 
is very far from this type of topography, and must be regarded as, 
largely, the product of the abnormal erosion of the Glacial Period. 
The Ordovician area abounds in angular rocky scenery—the well- 
known vertical crags and canal-like valleys—which are the antithesis 
of Prof. Davis’s flowing curves, while the Silurian area contains several 
large basin-like depressions not hitherto described, which it is 
difficult to regard as the result of normal erosion. 

These are: The Coniston Basin, The Lowick Basin, The Broughton 
Beck Basin, The Duddon Estuary and its continuation northwards to 
Woodland. Of these the Coniston Basin is the most important, and 
we propose, therefore, to discuss its origin in detail. (See map of 
High Furness, Plate XLIX.). 

It is composed of two separate valleys, which have originated 
quite independently. These valleys are a considerable distance apart 
at their southern ends, but merge into one another in the north. The 
more westerly is the straight valley running from Woodland to Torver 


* Quart. Journ. Geol. Soc., Vol. XXXVII. (1880), p. 29. 
+ Quart. Journ. Geol. Soc., Vol. LX VIII. (1912), p. 402-448. 
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and continuing, more or less clearly, almost to Coniston Old Hall. 
This originated as a strike valley, and owes its canal-like aspect to its 
coincidence with the line of bedding and cleavage of the slates. It is 
not easy to decide how far it had reached northwards before the in- 
terference of glacial conditions. The gap through which Torver Beck 
empties into the lake seems too old to have originated during Glacial 
times, and, if so, indicates that a stream crossing the valley at this 
point was not diverted down the strike valley, and that, therefore, the 
latter had not reached so far. The most probable condition was that, 
from a col near Haverigg Holme, one stream ran south-west towards 
Woodland, and another flowed north-east into Torver Beck, and that 
north-east of the Beck there was no trace of a depression between the 
Fells and the present lake valley. 

The eastern valley, where Coniston Lake now stands, cannot be 
explained so simply. It coincides at the head with a well-marked 
fault, but this disappears about half way down the lake, so that it does 
not account for the valley. Also, the present valley cuts across the 
grain of the rocks, so that it is not structural. It probably originated 
so long ago that the circumstances which began it have disappeared 
and cannot be reconstructed. If our reconstruction of the Torver 
Valley be correct, this eastern valley must have carried the drainage 
from both Yewdale and the Church Beck Valley, and received the Torver 
Beck as a tributary near its present confluence. Its straight course, 
however, suggests that its present form is more due to glacial action 
than to normal erosion. The slopes on its eastern side are lacking in 
any suggestion of spurs, such as might have been expected if it had 
been a normal river valley only slightly modified by glacial action. 
Also the fact that the side valleys which run into it, viz., the Church 
Beck Valley, both the branches of Yewdale and the Torver Beck Valley, 
are all, at some part of their courses, hanging valleys, suggests that the 
Pre-Glacial level of the stream into which they ran was much higher 
than now. 

The profile of the Church Beck has two distinct steps. A smooth 
curve continuing the highest reaches of the stream seems to point to 
the old level of the main valley as being between the 300 and 400 feet 
contours. This estimate is confirmed by the profile of Upper Yewdale, 
which falls from 500 feet to 300 feet in less than a mile, and by the 
Guards Beck, which has a similar profile. If this is anywhere near the 
truth, as the lowest part of Coniston Water is 42 feet below O.D., the 
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rock erosion during Glacial times must have been as much as 350 to 
450 feet. 

Originally the Ash Gill Beck and the Torver Beck passed through 
separate gaps near Torver Park, but they must have united somewhere 
near Torver, as there is only one gap leading into the lake. Now, the 
Torver Beck has captured the lesser stream on the moor, and left its 
lower course as a dry gap. The bed of the combined streams as it 
comes down into the present Torver valley is a succession of cascades. 
Its course across the valley bottom is not in line with its previous 
course, and suggests that it is making for the gap once used by the 
Ash Gill Beck. Through this it cascades again into the lake, confirming 
the suggestion that the valley at Torver originated during Glacial 
times, and that the present level of the lake is much lower than the 
pre-Glacial level of the stream into which the Beck ran. 

The conclusion we draw from these facts, and the details of the 
Yewdale valley—which have been previously described by Prof. Marr, 
and are, therefore, omitted here—is that the present Coniston Basin 
can be regarded as almost entirely the product of glacial erosion, and 
that, in pre-Glacial times, the slopes from the mountains on the west 
flowed in smooth curves, considerably higher than the present surface, 
down to a shallow valley above the site of the present lake. 


THE SuB-GLACIAL SURFACE. 


If all Glacial and Post-Glacial deposits were removed from Furness 
a surprisingly large portion of the Sub-Glacial surface would be below 
present sea level. Large areas in the Lickle Valley and Steers Pool 
Valley on the west, and in the Rusland and Windermere Valleys on the 
east, have been eroded below O.D., and, in the centre, Coniston Water 
goes 42 feet below O.D., and, if lake deposits were removed, would 
probably be deeper. Much of the Crake Valley, too, and a large area 
around Ulverston, and another area east of Barrow, shew no sign of 
solid rock above sea level. Very little information can be obtained 
regarding the Sub-Glacial surface beneath these deposits. In the 
Duddon Estuary, the thickest Drift of which we have obtained records 
reaches to 150 feet below sea level. A boring in the valley south of 
Furness Abbey is recorded as passing through Drift to a depth of 
about 400 feet below O.D.* The rest of the borings in the same 


* Memoirs of Geol. Survey: Geol. of Furness, 91 N.W. 
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valley do not shew drift below 220 feet, and this smaller value corres- 
ponds much better with borings in other places. It is possible, there- 
fore, that the 400 feet record is a mistake, and due to the local name 
for both Yoredale Shales and Boulder Clay being “ Pinel.” 

On Walney Island a boring at Biggar proved Drift to — 150 feet, 
and another at North Scale to—130 feet. The boring for salt at South 
Walney only reached 89 feet below O.D. before coming to Keuper 
Marls. So that, on the whole, the evidence points to the greatest 
depth of the Sub-Glacial surface being somewhere in the region of 
—200 feet. 

Mr. Lawn, the manager of the Park Mines, has kindly supplied 
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the accompanying section giving the data obtained by him concerning 
the Sub-Glacial surface in the Yarlside district, east of Furness Abbey. 


THe Periop or MAximuM GLACIATION. 


The usual evidence of glaciation reaches to just above the 2000 
feet contour. Higher than this there is an entire absence of smooth 
faces, scratched rocks, boulders, etc. The most probable explanation 
of this is that during the later stages of the Glacial period this area 
would be exposed to severe frost action, and any traces of previous 
glaciation would be removed. This seems more reasonable than that 
it was never subject to the action of moving ice. The highest signs 
of glaciation all shew that during the maximum period the direction 
of ice movement ignored the present valleys, and suggest a flow from 
the north and north-west, much of it, apparently, from the higher 
mountains around Scafell. A col at 2080 feet glaciated from the north- 
east crosses the southern spur of Wetherlam. This is the highest col 
over which we have evidence of moving ice. Further down the slope 
towards Hole Rake are many beautifully glaciated surfaces, all in- 
dicating movement from the same direction. There is also strong 
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evidence of a flow of ice from the Upper Duddon Valley across the 
Fells, the details of which are shewn on the map. These will be dealt 
with in greater detail later. 

Caw, which rises to 1735 feet, is glaciated to the summit, from a 
direction almost due north, whereas Stickle Pike, which is only 1230 
feet high, has an area on the top which is entirely free from glacial 
evidence, although abundant traces of ice action are all around. 

It is interesting to note that other workers have found similar 
vertical limitations to the evidence of glaciation in many parts of the 
Lake District. C. Ward, when describing the glaciation of the Northern 
Lake District* shews that :—(a) the greatest height of signs of glacia- 
tion at the head of the Derwent Valley is a little over 2000 feet (p. 424), 
and in W. Langstrath about 2000 feet; (b) on the west of Helvellyn 
this height is about 2500 feet (p. 425-6); (c) in Ennerdale, 2000 feet, 
and on the ridge between Deepdale and Grisedale, 2000 feet ; (d) the 
Syenite boulders on the top of Starting Dodd rise to 2084 feet; but 
that all over the area occupied by rocks of the volcanic series perched 
blocks are numerous up to considerably more than 2000 feet (p. 428), 
although he never found any striations on the highest summits (p. 441). 

Dr. Marr and Professor Fearnsidest found an “ unglaciated area ”’ 
on the top of Howgill Fells at about 1500 feet. 

On the hill south of Walna Scar, marked 2035, and northwards to 
the hill 2625, the surface is smooth, grass-covered, and almost meadow- 
like, and this smooth surface extends well down the western slopes. 
The western col between Carrs and Grey Friar is smooth, and so is the 
western face of Wet Side Edge. The eastern side of the whole massif 
is a series of rocky precipices in striking contrast to these western 
slopes. Even the top of Wetherlam, which is east of the main ndge, 
is a tangled mass of gigantic boulders. This assymmetric aspect of 
the summit is well shewn in the accompanying photograph. Prof. 
Kendall has suggested to us that it is similar, on a large scale, to the 
“* crag-and-tail ” found in the courses of valley glaciers, and that it 
may be the result of glaciation from the north-west during the maximum 
period. A good description of the magnificent series of combes on 
the eastern face of the mountains is given in Prof. Marr’s ‘‘ Geology 
of the Lake District.” 


* Quart. Journ. Geol. Soc., Vol. XXIX. (1872). 
t Quart. Journ. Geol. Soc., Vol. LXV. (1909), Plate XXX. 
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In the Silurian area of Furness the highest summits do not reach 
much above 1000 feet, so that any evidence found there probably does 
not belong to the maximum period. 


THE PERIOD OF VALLEY GLACIERS. 


The period of valley glaciers, which succeeded that of maximum 
glaciation, is that part of the Glacial Period which has left most abund- 
ant data for examination. For some time after the maximum period 
the surface level of the ice was high enough to admit of cross-streams 
from one valley to another, and we have evidence of many of these 
high level streams. But eventually the ice would be confined entirely 
to the valleys, and the direction of motion would coincide with the 
present valley bottoms. The chief valley glaciers in Furness were 
the Duddon, the Lickle, the Coniston, the Rusland and the Winder- 
mere. The glaciation of some of these valleys has been described 
previously, and we propose to confine our paper to details which appear 
to be new. On account of the necessity for compression we are com- 
pelled to make our observations somewhat disconnected. 

The details of the glaciation of the Duddon Valley have recently 
been described by B. Smith.* It is noteworthy that the floor of this 
valley is rock all the way to Duddon Bridge, so that probably the 
glacier which occupied its lower part was comparatively small. 

The Lickle Valley Glacier drew its supplies from several sources. 
A considerable stream of ice came from Torver High Common by way 
of the Appletreeworth Valley, including, during part of the time, a 
glacier nearly a mile wide which can be traced from above Coniston 
along the depression between Bleaberry Haws and Walna Scar Fell, 
and also one from the Goat’s Water Combe. The present valley in 
which the Appletreeworth Beck runs is continued northwards as a 
dry valley to Ash Gill, and has apparently conveyed a considerable 
stream of water along the margin of the ice from the mouth of the 
Goat’s Water Combe into the Lickle Valley. A glacier quite as large 
came over the Dunnerdale Fells at 1300 feet and down the Upper 
Lickle Valley, which is a U-shaped glaciated valley with a V notch in 
its base, down which the present river flows. A third stream came 
over the Fells to the south of Caw, but a fourth down the valley in 
which Hoses stands seems to have found the Lickle Valley so full of 


* Quart. Journ. Geol. Soc., Vol. LXVIITI. (1912), p. 408. 
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ice that it was diverted to the south-west and kept along the fell side 
until it reached the part of the fell which falls from over 1000 feet to 
700 feet, when it turned almost westwards, and passed back into the 
Duddon Valley, or rather, across its mouth. The interpretation of 
the evidence near the mouth of the Duddon is difficult, and the stream 
of ice westwards may belong to a later phase. 

The glacier associated with the Coniston Basin was the largest in 
Furness. Its ramifications may be seen on the map. The whole of 
the Fells at the head of the basin are glaciated from the north, the 
evidence extending westwards up the slopes of Wetherlam to over 
2000 feet and eastwards beyond the limits of our area. A number of 
deeply cut channels converge towards the Coniston Basin, and near 
High Cross are several large erratics of Ordovician Ash. The amphi- 
theatre at the head of the lake is deeply scored by valleys, and at the 
bottom of the slope, near the north-east corner of the lake, is an area 
covered with drift-like hummocks. Besides this complicated series of 
minor valleys, the chief feeders into the basin during the definite 
valley stage would be the Church Beck Valley and Yewdale. 

There are many features in the Church Beck Valley which must 
be regarded as due to the abnormal erosion of the Glacial Period. The 
general appearance of its head is that of a large and somewhat irregular 
amphitheatre into which three hanging valleys open. The most 
westerly of these is the highest, and also the least. It is a well de- 
veloped combe, which holds Low Water at a level of 1786 feet, and is 
drained by a stream which falls from 1700 feet precipitously to below 
1200 feet, so that the combe hangs almost 600 feet above the valley. 
The middle valley holds Levers Water (1350 feet), and is longer, and 
shews signs of glaciation. It is probable that the wide portion near 
the tarn with its vertical rocky sides is due entirely to ice action. 
Here again there is a rapid fall from the level of the upper valley to 
that of the main valley, and the stream descends in a series of cascades 
The Red Dell, on the other hand, gives less evidence of glacial action 
being V-shaped, except near its mouth where there are large areas of 
rounded and polished rock, and the valley becomes more U-shaped. 
This also hangs in relation to the main valley. The stretch of valley 
from the Copper Mines to the bridge is strikingly level, and traces of 
the same floor may be found further down, but at the bridge the stream 
plunges to the bottom of a V-shaped valley which has been cut into 
the floor of a wider one. 
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Here the details have been obliterated by road making, but the 
simplest explanation of the gorge seems to be that it has been cut by 
water during the later Glacial and Post-Glacial times since the deepening 
of the Coniston Basin. A similar, but smaller, gorge is to be seen at 
the mouth of the Red Dell, where the beck is now engaged in cutting 
the lip of the gorge back into the higher valley. 

Low Yewdale is an excellent instance of a U-shaped valley aS: 
very steep sides and a flat floor. Two valleys open into its head, viz., 
Guards Beck and Upper Yewdale. When viewed from its northern 
end the Guards Beck is seen to occupy a narrow valley cut in the floor 
of a much wider one, which shews every sign of severe glaciation. 
Immediately before its entry into Low Yewdale the mouth of the lower 
valley is narrowed by an area of rough ground considerably higher 
than the valley floor. To the north of this is a triangular shaped 
flat with every appearance of having once been the site of a lake, of 
which the rounded gravel which occurs at its upper end may be part 
of the old beach. The whole appearance suggests that the valley 
was glaciated to the level of the rough ground, and afterwards cut 
down by water to its present level, when the streams were adjusting 
their levels to the deepened Coniston Basin. Upper Yewdale is at 
right angles to Low Yewdale, and is a wide U-shaped valley with afloor 
falling rapidly into the deeply excavated Low Yewdale. That the 
glacier which came down it was of considerable size is indicated by the 
striking width of Low Yewdale opposite its mouth. 

The outlets from the Coniston Basin are three, viz., (1) The Wood- 
land-Torver valley; (2) a small dry valley over Beacon Tarn; and 
(3) the Crake Valley. 

A considerable glacier passed through the Torver-Woodland 
valley into the Steers Pool Basin, leaving large accumulations of 
drift. At Town End, where the Steers Pool crosses the road, a conical 
hill cut by the railway is made entirely of drift Further north is a 
larger one also of drift, and along the base of the hill on the western 
side are other morainic mounds. In the valley bottom near Haverigg 
Holme are a number of curious dry channels cut in solid rock, which 
have no relation to the present drainage of the valley, and are 
probably the result of the erosive action of the copious streams which 
flowed down this valley when the glaciers were melting. 

A smaller channel at about the 500 feet contour near Beacon 
(See Map of Overflows from Coniston, near Beacon, Plate L.) 
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can only have been in use during the early part of the valley 
period. Later, the area betweer Beacon and Torver must have been 
more or less stagnant. The present surface of Torver Low Common 
is strikingly uneven, abounding in depressions with mounds of solid 
rock between. These depressions in some cases may be rock basins, 
but they are too much obscured by morainic material for this to be 
determined with certainty. In many respects this area closely re- 
sembles Lowick Common, which also has a barrier to the south, and 
we suggest that, in both cases, the unusual features were produced by 
standing ice forming an area of comparative stagnation, with the more 
active streams passing on either side. The Beacon outlet passes over 
Red Moss and forwards over the site of Beacon Tarn where it has left 
numerous glaciated surfaces. Then one stream of ice turned eastward 
and joined the main Crake Valley glacier at Cockenshell, and another 
turned westward over High Tarn Moss to Climb Stile, where there is a 
considerable accumulation of moraine. The valley down Hodge Wife 
Gill shews no signs of glaciation below the fall, and is distirctly 
water- cut. It undoubtedly carried a large stream of water at some 
time, and a delta still shews where this entered the Duddon Lake at 
100 feet. 

The Crake Valley was the most important outlet for the Coniston 
Glacier, and below Blawith must have carried a glacier quite two 
miles wide. We have traced four branches of this main glacier, two 
at Subberthwaite and Gawthwaite into the Duddon Estuary, and two 
at Wood Gate and Stainton Gap into the Broughton Beck Basin. We 
propose to describe these in detail. 

The valley down which the Subberthwaite branch passed is an 
impressive U-shaped trench almost a mile wide. The highest point in 
its floor is just over 400 feet, and its southern side rises very steeply 
to over 800 feet. Its northern side is not quite so high. Numbers of 
large erratics are strewn along its floor. At its western end there is 
clear evidence of a delta where it enters the Duddon Lake near Gill 
Wood. A smaller branch turned eastwards above Heathwaite and 
left a delta near Fell Gate. 

The valley of the Gawthwaite branch is not so easy to understand. 
Its general course is east and west at about 45 deg. to the direction 
of the ice stream. Its eastern portion shews no signs of glaciation, 
but the western half is strongly glaciated. It opens westwards into 
two valleys at Grisebeck and Hallstead, both of which cor tain deltaic 
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deposits. It was probably abandoned when the ice was unable to 
override the 700 feet contour. 

A large glacier passed up the rismg ground at Woodgate to the 
western side of Lowick Beacon, oversteepening the cleft at Knapper- 


MAP OF STAINTON GAP. 


thaw, and leaving a gravelly deposit at the junction of the roads and 
joing the Stainton Gap Branch in the Broughton Beck Basin. 
Although the Stainton Gap Branch (see Map above) was a 
much smaller branch than the last it is much more interesting. 
It is probable that it ceased to carry a through current of ice 
fairly early, and became the bed of a large stream of water 
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which flowed northwards into the Crake Valley. On its north 
side, near Lowick Green, extensive deposits of semi-stratified 
gravel with patches of unstratified drift have been exposed for road 
‘mending, and must have come down from the Gap. In the 
Gap itself is a system of straight channels cut in rock, which seem to 
be analogous to those described by Prof. Kendall in Cleveland, and by 
Mr. B. Smith around Black Combe, and to be due to the erosive action 
of water along the margin of the ice. The details of these are shewn 
in Fig. 5, and they point strongly to the direction of flow being north- 
wards. At Beck Bottom is a sandpit which at our first visit in 1911 
shewed a predominence of stratified gravel, but in 1916 this had been 
removed, and more unstratified drift appeared. On the commen to 
the north of Lowick Beacon is an irregular surface which, as previously 
noted, clearly resembles that at Torver Low Common. It is cut into 
channels, north-east by south-west, and parallel to the strike of the 
rock. Only one of these, that containing Roerigg Tarn, is carried 
through the hill; the others shallow out as they reach the steep hill 
side. A number of round-headed combes facing northwards are a 
marked feature of this hill side, and the general appearance suggests 
a copious drainage towards the north-east. So long as the ice was 
able to pass over Stainton Gap (425 feet), very little stagnant ice would 
accumulate. Once it failed to attain this level the whole area would 
become stagnant, and only drainage to the north-east would be possible. 
It is significant that the combes occur along the 425 feet contour and 
below. 

The last two branches of the Coniston Glacier appear to have 
joined together in the wide, shallow depression we call the Broughton 
Beck Basin, and passed southwards until the glacier joined the main 
body of ice near Ulverston. When it was unable to surmount the 
barrier north of Ulverston the ice—and later the water from it—were 
discharged through three openings as shewn on the map of Low Fur- 
ness, Plate LI. Of these, the most important is that near 
Newland, which has been severely glaciated, but has subsequently 
been the bed of a large stream of water, and is in the form of a 
wide U-shaped valley with a water-worn V-shaped notch cut in its 
floor, the latter notch being at least 18 feet deeper than the glaciated 
surface. The south-east slopes of Hoad Hill are very much over- 
steepened by the westward pressure of the ice in the estuary. 

The Rusland valley is a wide, flat-bottomed vall2y which only 


Proc. Yorks. Geol. Soc., Vol. X1TX., Plate LI. 


te 300 4 I © = | 
vi Son ny NSS 
\ DALTON <> a BIRKR ae 
ie Wa ce, 


| 


J a STAINTON—~ 


) 


f 


ORMSGILL 


WESTFIELD 
POINT 


BIGGAR BANK 


= 


TROUGH\ 
HEAD 


Map oF Low FURNESS. 


To face page 412. 


. 


Ss 
a 
if 3 - 
» 4 
= * 8 a 
_« 
-~ 
¥ 
P 7 
a 
\2 
> é . 
* © 
* “ 
J = 
= 
¢ 


GRACE: THE GLACIAL GEOLOGY OF FURNESS. 413 


reaches the 50 feet contour at Rusland village. It has been eroded 
to a considerable depth, and then silted up again to sea level. It was 
probably the site of a lake, either during the Glacial Period or since 
A thick deposit of peat covers much of its floor, the components of 
which show that a wide peat-water swamp followed the silting up, and 
in turn gave place to a “moss.” A rock barrier south of Rusland 
Beaches almost cuts this swamp into two basins. A number of 
morainic mounds near Rusland, and much undisturbed drift in several 
places suggest that the level of the lake can never have been much 
above present sea level. We have been unable to find any volcanic 
rocks among the boulders and drift of this valley, a fact which indicates 
that the ice filling it came from the north-east rather than the north- 
west. It is possible that quite early in the valley stage the ice ceased 
to flow over Hawkshead Moor, and that the Hawkshead area became 
either stagnart or continued down the Cunsey Beck Valley. Abundant 
suggestions of rounding may be found among the rocky prominences 
in the Rusland Valley, but slate rocks do not preserve this as well as 
the volcanic series. Smoothed rocks suggesting movement from 
east-north-east occur in Haverthwaite schoolyard, and others indicating 
motion from north-east near Causeway End. 

Only the southern part of Lake Windermere belongs to our area. 
The northern half and the valleys converging on the head of the lake 
are ir Westmoreland. The Windermere Valley belongs to the radial 
scheme of drainage previously referred to, and in Pre-Glacial times 
continued southwards by Cartmel. The Backbarrow valley, now 
draining the lake, was probably commenced in Pre-Glacial times by 
tributaries of the Crake and Windermere, flowing in opposite directions 
with a col sufficiently defined to govern the route of the ice overflow. 
It is still possible to distinguish the glaciated U-shaped valley below 
Newby Bridge, where the present river has cut a trough about 6 ft. 
deep in the glaciated floor. A second ice-stream came over the 
Finsthwaite Valley, and joined the first above Backbarrow. The 
gradient of the River Leven seems to confirm the above theory of its 
origin. In the first two miles of its course until it reaches the bend 
above Backbarrow it only falls 28 feet from the lake-level to the 
100 feet contour. In the next two miles it drops from 100 feet to 
practically sea-level. The final part of its course is across an alluvial 
flat with very little slope. Probably the Pre-Glacial tributary originated 
above Backbarrow, and had a branch up the Finsthwaite Valley, 
if, indeed, the latter be not its real head. 
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Tue Drirts or Low Furngss. 


In northern Furness drift plays only a subsidiary part in the 
topography, but Low Furness is distinctly an area of deposition, 
and is largely covered by Glacial deposits. These deposits have 
been described by Mackintosh, Bolton* and J.D. Kendal. We, there- 
fore, confine ourselves to observations not in those papers. 

The Drifts of Furness are easily divided into two types— 


(1) The Irish Sea Drift, which covers the southern end of the 
peninsula and contains granites and other rocks from Eskdale 
and further up the coast.. 

(2) The Local Drift, which is found in the remaining parts of the 
district and contains only rocks of local origin. 


The line of division between these is necessarily somewhat indefinite 
and not easy to place on a map. We have, therefore, marked it by 
a shaded area which approximately separates the granite-bearing 
drift from that of purely local origin. We have repeatedly failed to 
find granite, other than that taken there for farming purposes, in the 
district around Lindal, but it should be noted that J. D. Kendall records 
having found it there.T 

The Local Drift consists of a series of heterogenous deposits 
mostly of very limited extent, which varies from place to place so much 
that it is impossible to co-relate the different exposures. We do not 
think there is any justification for making a Middle Series of Sands 
and Gravels as is sometimes suggested. The motion of the ice over the 
whole of Low Furness appears to have been almost due south, and 
we were unable to find any signs of cross-channels on the moors which 
divide Low Furness into two areas. The western slopes which border 
the Duddon Estuary are thickly covered with drift which, in the stream 
gullies, shews sections sometimes 15 feet thick. It is distinctly clayey 
in places, but most of it is sand and gravel. The streams down the 
hillside are mostly Post-Glacial and occupy gullies in the drift, and 
one or two of them have valleys cut into solid rock, and may occupy the 
beds of Pre-Glacial streams. The low ground at the bottom of the slope 
is composed entirely of drift, which in some cases forms drumlins 
rising to the 100 feet contour. On the eastern side the combined glaciers 
formed by the junction of the Broughton Beck glacier with the ice from 


* Quart. Journ. Geol. Soc., Vol. XVIII. (1862). 
* Quart. Journ. Geol. Soc., Vol. XX XVII. (1880), p. 29. 
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the Greenodd Estuary was pressed in a south-westerly direction over 
the low-lying land around Ulverston and Lindal, and continued 
southwards with a tendency towards the east as it approached the 
Irish Sea ice. This is shown by scratches on the underlying limestone 
recently exposed near Baycliff and in the quarries at Stainton, and 
also by the contents of the drift along the eastern shore. 

The Irish Sea Drift is quite different in character. It can be 
fairly clearly divided into three series, viz., two distinct beds of true 
boulder clay, very similar in character and contents, divided by a 
variable middle series of sands and gravels, etc. 

The Lower Boulder Clay forms the foundation of the whole of 
South Furness below the line indicated. Its upper surface rises 
towards the south, so that though it does not appear at Sandscale, 
there are good exposures near Rampside, Westfield Point, Roosebeck 
and on the west coast of Walney south of Trough Head. It is a 
typical boulder clay with numerous erratics, some of which are three 
or four feet cube. Several similar large boulders of Eskdale Granite, 
Carboniferous Limestone, Borrowdale Ash, etc., were brought up 
during the dredging operations in Walney Channel in 1912. 

The middle series of sands and gravels are of very varied nature, 
and we think that some of them are lenticular deposits in hollows 
in the upper surface of the clay, and they may not be all of the same 
age. At Rampside they form a cliff of almost pure sand 40 feet high. 
At Westfield Point they are much thinner, and consist of gravels and 
sands with sandy loam beds. At Biggar Bank they are less than three 
feet thick, and in one place, about a mile south of the tram terminus, 
they include a definite bed of peat, with fragments of wood. This was 
mentioned in J. D. Kendall’s paper. Samples have been examined by 
Miss Chandler and contain— 


Batrachium aquatilis Linn. Myriophyllum sp. 
Menyanthes trifoliata. Potamogeton spp. 
Viola palustris Linn. Carex spp. 
Hippium vulgaris Linn. Chara. 


This is essentially a temperate assemblage of plants, and raises 
the possibility of the deposit being of Post-Glacial age, and its apparent 
position in the Middle Series being due to Post-Glacial movements of 
the Upper Boulder Clay. On the other hand, a boring in North 
Walney at North Scale gives 9 feet of peat resting on Lower Clay, 
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and below 15 feet of Upper Clay. This seems difficult to explain 
except on the assumption that the peat is an Intra-Glacial deposit. 

The exposures along the west coast of Walney shew an almost 
continuous line of sands and gravels from Biggar Bank to Trough Head, 
where it passes out at the top of the drift. It is of very variable 
thickness, but seldom reaches more than three feet. 

The Upper Boulder Clay is a typical boulder clay, red and compact. 
Good exposures are seen at Ormsgill and at the north end of the west 
coast of Walney. It also appears north of Trough Head and at the 
north end of Westfield Point, and can sometimes be seen at the base of 
the sand dunes at Sandscale. 


THe Duppon LAKE. 


Towards the end of the valley period the ice in the Duddon Estuary 
appears to have commenced shrinking on its eastern margin. The 
first consequence of this was a marginal channel at about 250 feet, 
which cut a notch between Housethwaite Hill and High Haume 
very similar to those described by Prof. Kendall under the name of 
“ Severed Spurs.”* This Stage was followed by a gradually widening 
lake, the surface of which at first stood just above 200 feet, but sank 
lower and lower, as openings across Furness became available, until 
the water was not far from the present level. Pauses in this sinking 
took place at 200 feet and 100 feet, and we have collected evidence of 
this in the form of (1) Beaches; (2) Deltas; (3) Overflows, at both 
levels. 


(a) The Marginal Channel at 250 feet. 


We have found no traces in the shape of gravels or beaches at 
250 feet. The evidence for a stream of water at this height consists 
of the deeply cut notch mentioned above. This is a V-shaped 
valley cutting across the outcrop of the Coniston Limestone and 
leading from the open hillside on the north to a wide amphitheatre 
with a floor below 175 feet, and in direct communication with the 
Hagg Gill Channel. The further course of this channel (No. 4) belongs 
as much to the 200 feet stage (No. 2) as to the 250 feet, but may be 
conveniently followed here. From Hagg Gill Wood to Dalton is a 
wide, deep valley with steep sides and a floor about 120 feet which has 


* Quart. Journ. Geol. Soc., Vol. LVIII. (1902), p. 482. 
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no relation to the present drainage. 


This opens, near Dalton Church, 
into the Dalton Valley—a wide, well cut valley below the 100 


feet contour, joining the Goldmire Valley near Mill Wood, and continu- 
ing southwards with a bend at Furness Abbey until it reaches Roose, 
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Below here its present mouth must have been barred by the Irish Sea 


Ice for the glacial channel turns eastwards down a wide valley, now 
dry, and enters Morecambe Bay near Roosebeck. 


Extensive deposits 
of water worn gravel are found at about the 100 feet level at Manor 


Park, and on the convex side of the curve at Holebeck. In both cases 
the gravel includes rocks from the Irish Sea Drift as well as from the 
Local Drift. 
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(b) The 200 feet Lake. 


A number of fragmentary terraces, composed of well worn gravel, 
occur along the eastern side of the Estuary about the 200 feet contour. 
The best of these can be seen at Gargreave and Bank End. Stronger 
evidence of the permanence of the lake at this height is furnished by 
a number of deltaic deposits, where streams from branches of the 
Crake glacier entered the lake. These are :—(1) In the valley where 
Hallstead Farm now stands, about half a mile south of Grisebeck. 
This appears to have been formed by drainage from one of the outlets 
of the Gawthwaite cross valley. (2) In the valley above Grisebeck 
where the other outlet from the Gawthwaite valley discharged. (3) In 
the Ellermire valley where the Subberthwaite cross valley drained 
into the lake. (4) A little north of Hill where a small branch from the 
Subberthwaite valley drained into the lake at the most northern 
point at which we have found any evidence of the 200 feet phase. 

These deltas are more or less fan-shaped. They are conspicuously 
stony at the tops, most of the stones being almost uniform in size, 
with their largest dimensions between 3 inches and 6 inches. Some 
of them are rounded but the majority are angular. Further down the 
delta the slope of the surface increases, and the stones become fewer and 
eventually give place to a fine alluvium quite free from stones. These 
deltas are most easily discernable in winter, when the soil is bare. 

The first overflow of the 200 feet lake was by a channel (No. 2) on 
the west of Housethwaite Hill leading into the Long Bank Wood side 
of the Hagg Gill Channel. The further course would then be the same 
as No.1. Later shrinkage of the Irish Sea Ice opened a channel (No. 3) 
a little to the west of No. 2, which leads at 180 feet into the Goldmire 
Valley. It is doubtful whether this marks more than an intermediate 
stage between the 200 feet and the 100 feet phases. 

The area occupied by the 200 feet lake was probably quite small 
and confined to the eastern side of the estuary. There is no evidence 
of it on the western side, and a moraine near Fell Gate suggests that 
the 200 feet lake did not reach further north than Hill. 


(c) The 100 feet Lake. 

The area of the 100 feet lake must have been much greater. It is 
almost certain that it included a large area in the Steers Pool Valley, 
but in the absence of definite evidence it is not easy to decide whether 
any of the Lickle Valley was clear of ice. The Duddon Valley was most 
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probably still filled with its glacier, extending along the western 
side of the estuary. This would account for the entire absence of 
evidence on that side. 

Numerous remains of sandbanks and what appear to be terraces 
are to be found at 100 feet all the way from Askham to Woodland 
Church, but the growth of vegetation and Post-Glacial alterations 
have made some of them very difficult to recognise. A large delta 
occurs in the Woodland valley bottom, near Bridge End, which does 
not reach above the 100 feet contour, and a delta-like deposit rear 
Woodland Church seems to belong to this stage. A well marked 
channel with thick, current bedded sandy deposits runs from Askham 
southwards to Park Farm. 

The overflow for the 100 feet lake was a well-marked channel on 
the eastern side of Park Knotts leading directly into the Goldmire 
Valley and by Mill Wood. This is a much larger channel than those 
previously described, and was probably in use for a longer period. 
The railway cutting near Park Mine has considerably modified the 
shape of the valley there, but the original height of the col (93 feet) 
confirms our estimate of the level of the water. 


(d) The Final Stage of the Lake. 


The last stage of the lake to be represented by present deposits 
would be reached when the Irish Sea Ice retreated as far as Walney, 
and the existing channel between that island and the mainland may 
have been the last drainage channel of the Duddon before the sea was 
entirely open. Walney Island contains no rocks older than drift 
down to a level of 80 feet below O.D., and, consequently, is entirely 
of Glacial and Post-Glacial origin. 

The only published reference to these glacial lakes in the Duddon 
Estuary appears to be by Mr. B. Smith in his paper on the Glaciation 
of Black Combe.* 

In conclusion, we beg to acknowledge the assistance and advice 
of Mr. Bernard Smith and Dr. Gilligan, whilst we have been preparing 
this paper, and also the help, on several points, of Prof. P. F. Kendall, 
whose papers on Glacial Geology have been a continual inspiration 
during the twelve years we have been working at the geology of 
Furness. 


* Quart. Journ. Geol. Soc., Vol. LXVIII. (1912), p. 420. 
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In Memoriam. 
CLEMENT Rein, F.R.S., F.L.S., F.G.S., 
1853—1919. 


Yorkshire geologists are deeply indebted to the late Clement Reid 
for his careful and calm consideration of the Geology of part of their 
county. He joined the Geological Survey in 1874, and had experience 
in many parts of the country, including the moorlands of North 
Yorkshire, before proceeding to Holderness. As long ago as 1885, he 
produced his classical Memoir on the “ Geology of Holderness,” in 
which his extensive knowledge in many directions was demonstrated, 
and that work has proved the basis of all subsequent investigations in 
the area. Not only did Clement Reid make a careful geological survey 
of this interesting district and interpret many of the then complex 
geological problems, but he brought much historical information— 
from documents, old charts, maps and plans—to bear upon the illus- 
tration of the changes due to Coast Erosion and the accumulation of 
new land. His knowledge of Conchology and Botany enabled him to 
elucidate the puzzles which presented themselves in the various 
lacustrine beds in the district, and the geological information he 
gleaned as a result of study of the plant-remains, especially the seeds, 
obtained from the Holderness beds, led him, in later years, to specialize 
in this particular line of research, so that he came to be looked upon 
as the greatest authority on the subject, a position justified by his 
books on ‘“‘ Submerged Forests,” and “The Origin of the British 
Flora.’ In much of this work he was assisted by his wife, formerly 
Miss E. M. Wynne Edwards, B.Sc., and it is pleasant to think that 
Mrs. Reid is still carrying on valuable investigations on the same lines 
as had been set out by her husband. 

Clement Reid was the author of a number of other memoirs 
issued by the Geological Survey, though his first, which dealt with 
Cromer (1882) and that on Holderness, are among bis best. The list 
following, which has been kindly copied by the Librarian from the 
catalogue of his works in the Library of the Geological Society of 
London, may not be complete, but it can be taken as representative. 

Clement Reid was of a quiet and unassuming nature, a conscientious 
worker, but rarely entered into discussion or dispute; consequently 
he did not come before the geological world quite so prominently as 
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many others whose work in originality and importance cannot be 
compared with his.—T.S. 


Works AND Memorrs By CLEMENT Ret, F.R.S. 


“ Cromer,” Memoir of the Geological Survey, 1882. 

“ Holderness,” Memoir of the Geological Survey, 1885. 

“On the Flora of the Cromer Forest-bed.” 8vo, Norwich, 1886. 
“Notes on the Geological History of the Recent Flora of Britain.” 
8vo, London, 1888. 
“The Pliocene Deposits of Britain,’ Memoir of the Geological Survey, 

1890. 

“The Pleistocene Deposits of the Sussex Coast and their Equivalents 
in other Districts.” Quart. Journ. Geol. Soc., XLVIII., pp. 344- 
361, 1892. 

“The Eocene Deposits of Dorset.” Quart. Journ. Geol. Soc., LII., 
490, 1896. 

“The Relation of Palzolithic Man to the Glacial Epoch.” Report of 
the Committee appointed to ascertain by Excavation at Hoxne 
the relations of the Paleolithic Deposits to the Boulder Clay, and 
to the Deposits with Arctic and Temperate Plants. Appendix: 
Borings made in 1895, by C. Reid and H. N. Ridley. Rep. Brit. 
Assoc., LXVII., pp. 400-415, 1896. 

“ Bognor,” Memoir of the Geol. Survey. 1897. 

“ The Paleolithic Deposits at Hitchin and their Relation to the Glacial 
Epoch.” Proc. Roy. Soc., LXI., pp. 40-49. 1897. 

“The Eocene Deposits of Devon.” Quart. Journ. Geol. Soc., LIV., 
pp. 234-236. 1898. 

“ Eastbourne,” Memoir of the Geol. Survey. 1898. 

“ Bournemouth,” Memoir of the Geol. Survey. 1898. 

“Dorchester,” Memoir of the Geol. Survey. 1899. 

“The Origin of the British Flora,” pp. i.-vii., 1-191. 8vo, London. 
1899. 

“ Ringwood,” Memoir of the Geol. Survey. 1902. 

“Southampton,” Memoir of the Geol. Survey. 1902. 

“On the Probable Occurrence of an Eocene Outlier on the Cornish 
Coast.” Abst. Proc. Geol. Soc., 1903-4, pp. 61-62, and Quart. 
Journ. Geol. Soc., LX., pp. 113-117, figs. 1904. 

““Mevagissey,” Memoir of the Geol. Survey 1907. 
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‘“‘Submerged Forests,” pp. 1-129, figs. 8vo, Cambridge, 1913. 

“The Plants of the late Glacial Epoch of the Sea Valley,” Quart. Journ. 
Geol. Soc. 1916. 

““ Bronze and Tin in Cornwall.” [Posthum.] Man, 1918. 


WORKS WRITTEN IN CONJUNCTION wiITH Mrs. E. M. Rerp. 


“On a Probable Palxolithic Floor at Prah Sands (Cornwall).” Abs. 
Proc. Geol. Soc., 1903-4, pp. 26-27; and Quart. Journ. Geel. Soc., 
LX., pp. 106-110, figs. 1904. 

“The Fossil Flora of Tegelen-sur-Meuse, near Venloo, in the Province 
of Limburg.” Verh. k. Akad. Wetensch. Amsterdam, XIII., No. 
6, pp. 1-26, pls. i.-1., figs. Svo, 1907. 

“Report on the Plant Remains of ‘ Moorlog,’”’ being an appendix to 
H. Whitehead and H. H. Goodchild : “‘ Some Notes on ‘ Moorlog,’ ” 
a Peaty Deposit from the Dogger Bank in the North Sea.” Essex 
Nat., XVI., pp. 51-60, figs. [chart]. 1909. 

“A Further Investigation of the Pliocene Flora of Tegelen.”  Verslag. 
Afdeel. naturk. K. Akad. Wetensch. Amsterdam. 1910, pp. 
262-270. 1 pl. 1910. 

“The Lignite of Bovey Tracey.” Phil. Trans. Roy. Soc., ser. B., 
CCI., pp. 161-178, figs., pls. xv.-xvi. 1910. 

‘“‘The Pliocene Floras of the Dutch-Prussian Border.” Published, by 
order of the Minister for Agriculture, Industry and Commerce, by 
the Institute for the Geological Exploration of the Netherlands. 
Pp. 1-180, pls. i-xx. 4to, The Hague, 1915. [An important 
piece of work. | 
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$n Memoriam. 


THE Rev. W. Lower Carter, M.A., F.G.S. 
1855—1918. 


On June 22nd, 1918, was laid to rest, at Bushey, in Hertfordshire, 
the body of the Rev. William Lower Carter, M.A., F.G.8., who had 
for twenty years been a prominent member and official of the Yorkshire 
Geological Society, and it is but fitting that a brief notice of his career 
and of his devoted services should be put on its records. 

Mr. Carter was born on August 9th, 1855, at Stafford, and was 
educated at Derby School. Later he was a student at Springhill 
College, Birmingham; and then, having gained an exhibition at 
Emmanuel College, he proceeded to Cambridge. After a course of 
four years’ study in Natural Science, he pessed the Tripos with first 
class honours, specialising in Geology. For a time, he studied at the 
University of Halle, Germany, and then he returned to Springhill 
College in order to complete his theological training. He was suc- 
cessively minister of the Congregational Churches at Bilston, in Stafford- 
shire, at Hopton in Mirfield, and at Oxton in Birkenhead. In all of 
these charges he was a faithful pastor, revered by his people. 

In 1884, Mr. Carter was elected F.G.S. of the Geological Society, 
London. In 1892 he became a Member of the Yorkshire Geological 
and Polytechnic Society, and in 1893 he was elected Hon. Secretary. 
From 1894 till 1904 Mr. Carter was associated with the late Mr. William 
Cash as Joint Editors of the Proceedings—which position he continued 
to hold—for a time in conjunction with Dr. Dwerryhouse—till 1909. 

His own original researches were not very numerous, but include 
two important papers on “ The Evolution of the Don River System,” 
and on “ The Glaciation of the Don and Dearne Valleys,” which he 
contributed to the fifteenth volume of the Proceedings of the Yorkshire 
Geological Society. But his reports as Secretary of the field work of 
the Society are very full and often contain summaries of papers and 
records of observations that have never been published in any other 
form. No one writing on topics connected with the Geology of York- 
shire can afford to neglect them, and the Classified Index to 64 years 
of our Proceedings is a piece of work of more use in promoting the 
progress of Geology than many papers. The abstract of Professor 
Kendall’s paper on “ The Glacial Lakes of Cleveland,’’ which appeared 
in the Proceedings for 1903, was entirely his work, and he contributed 
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to the reports of several explorations carried out by the Society. He 
was engaged with Professor Kendall in a study of the Glaciation of 
East Lincolnshire, but this investigation was interrupted by his re- 
moval to Birkenhead, and later, during his work in London, he 
studied the glaciation and evolution of the river system of the course 
oi the Wye in Hereford- shire, and the adjacent area. 

For several years he was closely associated with the geological 
work of the British Association for the Advancement of Science. He 
acted as Secretary of Section C, and he was secretary of a Committee 
appointed by the British Association, at the instance of Professor 
Kendall, to draw up a list of characteristic fossils. Unfortunately his 
death and the dispersal of his papers rendered all the work done in 
that respect nugatory. 

On March Ist, 1907, the appreciation of the members of the 
Yorkshire Geological Society for Mr. Carter’s services to science, and 
especially in the observation and study ot the geological problems of 
Yorkshire, was shewn by the presentation to him of a mahogany 
writing table, a petrological microscope (with a series of 111 rock 
sections), and a set of furs was also presented to Mrs. Carter. 

In 1908, he was appointed Lecturer in Geology to the East London 
College, and later he delivered courses of lectures at other Colleges 
and Institutes in London. His indefatigable attention and skill made 
him not only the teacher, but the personal friend of his students. On 
June 7th, 1918, when lecturing at Queen’s College, Harley Street, 
London, he had an apoplectic seizure, from the effects of which he 
never rallied. In a manner he died at his post ! 

As Secretary and Editor of the Yorkshire Geological Society, 
Mr. Carter not only upheld the high position of the Society as a meeting- 
ground for earnest workers and students in practical and theoretical 
science ; but by his tactful organisation and untiring zeal he made the 
Proceedings such a publication that valuable contributions of original 
work were readily made in it by men of eminence in Science. It has 
been well said that to them and to Mr. Carter is due the Yorkshire 
Geological Society’s “‘ proud pre-eminence among the County Geological 
Societies of the country.” Whether at the meetings, or in the field, 
Mr. Carter was ever a brotherly man, a kindly friend, and an uplifter 
in thought and deed to his fellow members.—G. B. and D. F. 
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Iu Memoriam. 
JOHN Henry HowartTH, F.G.S. 
(1853—1918.) 


By the death of John Henry Howarth on March 8th, 1918, York- 
shire Geology lost one of its steadfast supporters and most earnest: 
amateur workers. Born at Kirkby Malham in 1853, Howarth ex- 
hibited in his stalwart frame and strong lineaments characteristics of a 
type not uncommon in the Craven district. Brought up among the 
bold scars and ravines of that district and educated at Giggleswick 
Grammar School, it is not surprising that his attention was early 
directed to the subject of Geology, but a decisive influence seems to 
have been the fact that in his youth and early manhood he became 
acquainted with two men of notable personality who were engaged 
in mapping the district for the Geological Survey. These were J. R. 
Dakyns and R. H. Tiddeman. These were the great days of Yorkshire 
Geology. In the year that Howarth reached the age of 19 years, 
Tiddeman’s epoch-making paper on “ The Evidence for an Ice-sheet 
in North Lancashire and adjacent parts of Yorkshire ” was published, 
and at the same period Tiddeman was spending his vacations in the 
exploration of the Victoria Cave. The Geological Survey was massing 
its forces here or hereabouts, and some of its ablest men were engaged 
in the mapping. McKenny Hughes was at work round about Ingle- 
borough; Goodchild’s great Glacial paper followed so closely upon 
Tiddeman’s that it seems probable that his results were independently 
reached through embodying the same principles; De Rance was at 
work in Lancashire; Green and Aveling and Clifton Ward in the country 
north and south of Leeds. A little later, Fox-Strangways, fresh from 
his successful work in North-east Yorkshire, came into the Limestone 
country to assist in the mapping of the fells at the head of Wensleydale. 
What wonder, then, that the interest of a young man of Howarth’s 
mental qualities was aroused. 

A strong and enduring friendship sprang up between him and 
Tiddeman that lasted through their lives. A community of literary 
tastes was a further bond, and we have heard from Howarth humorous 
descriptions of their joint essays in the dramatic art. Some of their 
productions in the way of light and rather topical comedy were per- 
formed at Skipton, and one little play of the kind, in which, in addition 
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to both these friends, the late J. J. Wilkinson, of Skipton, had also a 
finger, is among the rarities of local typography. 

Howarth’s interests in Geology were wide, and his judgments 
always useful, but it was chiefly as the careful and discriminating 
observer and recorder of ice-borne boulders that his chief service to 
Yorkshire Geology was rendered. 

A Yorkshire Boulder Committee was set up in November, 1886, to 
remove the reproach from the county that in fourteen years only 
seven reports on erratics had been sent to the British Association 
Committee. Year by year, under successive secretaries, the Committee 
continued its labours, until, in 1896, on the death of its very active 
and competent Secretary, Thomas Tate, Howarth was induced to add 
to the labours of his busy life the duties of Secretary. His sound 
knowledge of petrological methods enabled him to sort out and appraise 
at their proper value reports that came in from local workers who had 
not this special qualification. This is made very manifest when the 
Boulder Committee’s reports for the years after Howarth’s assumption 
of the secretariate are compared with those of early years. Not only 
is there a great increase in volume, but along with greater reticence in 
the attribution of some erratics a firmer touch is manifest in regard to 
others. Thus in pre-Howarth days all dark-grained rocks were “ Whin 
Sill’; on the other hand, thanks largely to Howarth’s support, the 
Yorkshire Geological Society, which he had joined in 1890, made long 
excursions to places likely to have contributed to the tale of far- 
travelled rocks, and we find accordingly records of rocks from the 
Lake District, the Vale of Eden, the Cheviots and Melrose (where 
Howarth presided over the Meeting) stated with a decision not pre- 
viously justified. In 1903, Howarth inscribed upon a large scale map 
of the Cleveland area symbols to indicate the distribution of the 
principal types of erratics according to their respective sources. 
Accompanying this we had six pages of “ Notes” by Howarth— 
actually a very clear and valuable summary of the knowledge of boulder 
distribution throughout Yorkshire. 

Adopting as a youth the profession of banking, John Henry 
Howarth started as a junior clerk with the Yorkshire Banking Company, 
and was in the service of the bank for thirty years. In 1899 he was 
appointed as general manager of the Halifax Joint Stock Bank, after- 
wards the West Yorkshire Bank, in which institute he ultimately 
became Chairman and Director, as well as general manager, and 
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established a high reputation in banking circles. His experience of 
administration was of great advantage to the Yorkshire Geological 
Society, in which organisation he was for many years a member of the 
Council; from 1902 to 1906, Hon. Treasurer; and in 1907 Hon. 
Secretary. A man of very wide social instincts and sense of duty, 
he took an active part in the public life of Halifax, where the last 
nineteen years of his life were spent, and of which town he was a 
magistrate. By the members of the Yorkshire Geological Society 
these manifold activities were regarded perhaps a little jealously, as 
they led to his more seldom appearance in the field, where, however, 
he was always a delightful companion, and we have memories of 
notable debates after the day’s walking was finished in which he bore 
an energetic share, and which his sound logical acumen, and his genial 
humour made veritable Noctes Ambrosiane. 
P. F. K. and H. E. W. 


428 


BIBLIOGRAPHY OF YORKSHIRE GEOLOGY, 1920-21. 
By T. SHepparp, M.Sc., F.G.S. 


1920. 


Anon.—The North Riding, Some Minor Points [Notice of W. J. 
Weston’s book; see under 1919]. The Naturalist, January, 

pp. 7-8. 

Carboniferous Zones. The Naturalist, January, p. 10. 

—— Type Ammonites [notice of 8. 8. Buckman’s Monograph]. The 

Naturalist, February, p. 49; and July, p. 209. 

Mr. G. W. Lamplugh’s Presidential Address : Source of Material : 

Distribution of Glacial Deposits; Another Version. The 

Naturalist, April, pp. 115-117. 

Prehistoric Implements, Materials used [report of T. Sheppard’s 

paper]. The Naturalist, May, pp. 146-147. 

—— Investigation of Yorkshire Rivers. The Naturalist, May, pp. 

150-151. 

Kettlewell : Past and Present [notice of J. C. Sowerbutt’s volume]. 

The Naturalist, July, pp. 210-211. 

—— Hull Museum [Geological Specimen from Bridlington]. Museums 
Journal, March, pp. 150. 

— Special Reports on the Mineral Resources of Great Britain. Vol. 
IX., Iron Ores (continued) [review of]. Geol. Mag., January, 
pp. 38-39. 

[signed A.S.]}—Obituary: Wheelton Hind, M.D., B.S., F.R.CS., 

F.G.8. Geol. Mag., October, pp. 476-480. 

— Official Quarry Statistics. Quarry, March, pp. 53-54. 

AnpeErRsoN, R. W.—A Few Notes on Coal-Dust Experiments. Trans. 
N. Eng. Inst. Mining and M. Eng., July, pp. 46-53. 

ArBER, E. A. NEWELL [the late].—On the Fossil Flora of the Southern 
Portion of the Yorkshire Coalfield. Part II., Derbyshire. Proc. 
Yorks. Geol. Soc., Vol. X1X., pt. 5, pp. 350-358. 

{BeLinFanTE, L. L. ; edited by].—Abstracts of the Proceedings of the 
Geological Society of London, Session 1919-20. Nos. 1043-1058, 
96 pp. 

Berry, Epwarp W.—Paleobotany: A Sketch of the Origin and 
Evolution of Floras. Ann. Rep. Smithsonian Institution for 
1918 [published 1920], pp. 289-407. 
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Bisat, W. S.—A Preliminary Study of the Stratigraphy of the Millstone 

Grit. The Naturalist, February, pp. 53-58. 

Marine Bands, with Special Reference to those in the Millstone 

Grits. The Naturalist, May, pp. 163-167. 

— The Millstone Grits West of Huddersfield. The Naturalist, 
November, pp. 347-352. 

Boswe.Lt, P. G. H.—Geology and the War [a paper entitled “ Geo- 
chemistry and the War,’ communicated to Section B (Chemistry) 
of the British Association]. Quarry, April, pp. 97-99. 

Brooks, Coar.tes E. P.—The Correlation of the Quarternary Deposits 
of the British Isles with those of the Continent of Europe. Ann. 
Rep. Smithsonian Institution for 1917, pp. 277-375. 

Brown, JoHn.—Commercial Minerals. Annals Kilmarnock Glenfield 
Ramblers’ Soc., Nos. 8-9, pp. 31-40. 

Buckman, 8. S.—Jurassic Chronology: 1—Lias: Supplement 1, 
West England Strata. Quart. Journ. Geol. Soc., Vol. LXXVI., 
pt. 1, pp. 62-103. 

— Type Ammonites. Part XXIII. [Figures and describes A. 
ordinarius from Yorks.], pp. 19-24, 13 plates. Part XXIV., pp. 
25-30, 16 plates [describes and figures Quenstedticeras ordinarium 
from Scarborough, Ammonites ingens from Pickering, A. poculum, 
Gristhorpe Bay; A. personatus Robin Hood’s Bay, A. erratus, 
Whitby; etc. Part XXI., pp. 9-16, 14 plates [describing A. 
placenta Scarborough] ; see also The Naturalist, July, p. 209. Part 
XXII., pp. 17-18, 16 plates [includes A. tenwicostatus from Whitby ; 
A. bucku from “R. H. Bay”; and A. retentus, “ R. H. Bay.’’]. 

See ANON. 

Burton, J. J— Jurassic Flora Commitee [Report of]. The Naturalist, 
January, p. 46. 

BUTTERFIELD, J. A.—The Effect of Pressure on a Conglomerate in 
Hole Beck, Sedbergh. The Naturalist, June, pp. 191-194. 

— The Conglomerates underlying the Carboniferous Limestone in 
the N.W. of England. I., The Sedbergh Area. The Naturalist, 
August, pp. 249-252; September, pp. 281-284. 

Cox, ArTHUR HusertT, and TRuEMAN, ARTHUR E.—Intra-Jurassic 
Movements and the Underground Structure of the Southern 
Midlands. Geol. Mag., May, pp. 198-208. 

CROWTHER, JOHN.—Rambles round Grassington by Hedgerow and 
Highway [brief geological notes], 71 pp. 
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Davies, A. Mortey.—An Introduction to Paleontology, 414 pp. 

Evans, J. W. [President of Section C].—Address [on the methods by 
which the progress of geological research may be most effectively 
promoted]. ep. Brit. Assoc., 1919 [published 1920], pp. 172-187. 

Fawcett, C. B.—A Regional Study of North East England. Geo- 
graphical Teacher, No. 57, Vol. X., pt. 5, pp. 225-230. 

FietcHer, J. S.—Nooks and Corners of Yorkshire [Brief Geological 
Notes]. London, 304 pp. 

GiBson, WaLcot.—Coal in Great Britain: The Composition, Structure 
and Resources of the Coalfields, Visible and Concealed, of Great 
Britain, vii.+311 pp. 

GILLIGAN, ALBERT.—The Petrography of the Millstone Grit of York- 
shire. Quart. Journ. Geol. Soc., Vol. LXXV., pt. 4, No. 300, 
pp. 251-294; See The Naturalist, November, p. 345. 

GILLIGAN, A., and Petcu, Franx.—[Geology of South Cave]. In “A 
Field Excursion to South Cave” [Yorks. Geol. Soc. Programme], 
pp. 2-3. 

GivEN, J. C. M.—The Divisions of the Pleistocene Period [Presidential 
Address]. Proc. LInverpool Geol. Soc., Vol. XIII., pt. 1, pp. 2-17. 

GREENWOOD, H. W.—On the Distribution and Significance of Barium 
Compounds in Sedimentary Rocks, with Special Reference to the 
Trias. Proc. Inverpool Geol. Soc., Vol. XII., pt. iv., pp. 355-361 ; 
see also The Naturalist, August, p. 245. 

Grecory, J. W.—The Conservation of our Coal Supplies [address to 
Glasgow Phil. Soc]. Nature, March 25th, pp. 108-110. 

HADFIELD, Roprrt.—The Great Work of Sorby. Journ. Roy. Micro. 
Soc., December, pp. 114-118. 

Harpine, O. J.—“ Geographie de Luxe” [Yorks geological features 
described]. Geog. Teacher, No. 58, pp. 292-293. 

Harpince, F. C., and Stokes, H. G.—The Changing Face of England. 
Windsor Magazine, February, pp. 179-189. 

Harpy, F'.—The Mineral Composition of the Modern Fenland Silt, with 
Special Reference to Carbonate Minerals. Geol. Mag., December, 
pp. 543-551. 

Harcu, F. H.—The Iron Ore Supplies of the World. Geol. Mag., 
November, pp. 504-517. 

Hawkins, Herspert LeEApER.—Invertebrate Paleontology, 226 pp. 

Hitu, L. G.—Stone-Dusting in Collieries. Trans. N. of Eng. Inst. 
Mining and M. Eng., June, pp. 28-36; July, pp. 40-45. 
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Hinp, WHEELTON.—The Distribution of British Carboniferous Nauti- 
loids. Geol. Mag., September, pp. 405-411. 

— On Some Carboniferous Ammonoids new to English Rocks. 
Proc. Yorks. Geol. Soc., Vol. XIX., pt. v., pp. 359-362. 

Hoimes, Joun.—Geology [of Skipton]—The Naturalist, June, pp. 

184-185. 

Geological Section [of Yorks. Nat .Union; report of]. The 

Naturalist, January, p. 45. 

Yorkshire Naturalists’ Union (Geological Section) [Report of]. 

The Naturalist, December, p. 403. 

I[tuincwortu|, J. L.—Report of the [Natural History] Society’s 
Excursion to Malham. Olicanian, Vol. XXII., pt. 1, pp. 15-16. 

JACKSON, J. Witrrip.—On a New Middle Carboniferous Nautiloid 
(Celonautilus trapezoidalis). Mem. and Proc. Manchester Lit. 
and Phil. Soc., Vol. 63, pp. 1-4. 

JOHNSON, THomMAS.—The Male Flower or Microstrobilus of Ginkgoan- 
thus phillips. Ann. Rep. Yorks. Phil. Soc. for 1919, pp. 1-5. 

Kerepinc, Henry.—Reminiscences of My Life. Cambridge, 2nd ed., 
24 pp. 

Kenpat, P. F.—{Sigillaria, etc., in Coal Measures: in discussion on 
D. Davies’ paper]. Abs. Proc. Geol. Soc., No. 1060, p. 9. 

Kine, W. B. R.—Sedgwick Museum Notes: Notes on the Genus 
Sphaerocoryphe. Geol. Mag., December, pp. 532-534. 

Lake, Puiurp, and Rastaty, R. H.—A Textbook of Geology, 3rd ed., 
pp. xiv.+508+33 plates. 

LamptucH, G. W.—On the Supposed Raised Beach at Saltburn. 
Proc. Yorks. Geol. Soc., Vol. XIX., pt. v., pp. 345-349. 

— On a Boring at Kilnsea, Holderness. [See also under Lamplugh, 
1919]. The Naturalist, February, pp. 63-65. 

—— The Anniversary Address of the President : The Structure of the 
Weald and Analogous Tracts. Quart. Journ. Geol. Soc., Vol. 
LXXV., pt. 1, pp. li.-xev. 

—— Anniversary Address of the President: Some Features of the 
Pleistocene Glaciation of England. Quart. Journ. Geol. Soc., Vol. 
LXXVI., pp. xviii.-lxxxiii; Abstract in Natwre, March 11th, 
p- 58; The Naturalist, April, pp. 115-117. 

See Anon. 

Lamptuen, G. W.; Wepp, C. B.; Prinewe, J .—Special Reports on the 
Mineral Resources of Great Britain, Vol. XII., Iron Ores (contd.) ; 
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Bedded Ores of the Lias, Oolites and Later Formations in England, 
pp. iv.+240. Reviewed by “ R. H. R.’ in Geol. Mag., May, 1921, 
pp. 230-231. 

Louis, H.—British Iron Ores [review of Geological Survey Special 
Reports, Vols. VIII., [X., X.]. Nature, January 1., pp. 429-431. 

M[arr], J. E—William Smith: His Maps and Memoirs. By Thomas 
Sheppard [review of]. Geol. Mag., September, pp. 421-423. 

Mitton, J. H.—President’s Address [1916, Paleozoic Corals]. Proc. 

Inverpool Geol. Soc., Vol. XII., pt. iv., pp. 265-280. 

Presidential Address [1917, Brachiopoda]. Proc. Inverpool Geol. 

Soc., Vol. XII, pt. iv., pp. 313-324. 

[E. MontaG: editor]. Proceedings of the Liverpool Geological Society 
[October 10th, 1916, to April 1st, 1919: various exhibits] Proce. 
Inverpool Geol. Soc., Vol. XII., pt. iv., pp. iv.-xvi. 

Norte, Freperick Joun.—On Syringothyrus Winchell, and Certain 
Carboniferous Brachiopoda referred to Spiriferina D’Orbigny. 
Quart. Journ. Geol. Soc., November, pp. 162-227; abstract in 
Nature, January 29th, p. 586. 

Peto, Frank. See A. Gilligan. 

PRINGLE, J—See G. W. Lamplugh. 

RastTaLt, R. H.—See Philip Lake. 

SALTMARSHE, P.—The River Banks of Howdenshire : their Construction 
and Maintenance in Ancient Days. Trans. East Riding Antiq. 
Soc., Vol. XXIII., pp. 1-15. 

— Ancient Drainage in Howdenshire. Trans. East Riding Anti. 
Soc., Vol. XXIII., pp. 16-27. 

Scott, ALEXANDER.—The Micro-Examination of Refractory Materials. 
Trans. Geol. Soc, Glasgow., Vol. XVI., part 3 pp., 393-414. 
Scott, DuKINFIELD Hrnry.—Studies in Fossil Botany. 3rd ed., 

Vol. I., Pteridophyta, 457 pp. 

Sewarp, A. C.—See H. H. T[homas]. 

SEWELL, JosePpu T.—Notes on the Geology of Whitby Sands. Nznety- 
seventh Report Whitby Literary and Phil. Soc., pp. 1-15. 

SHEPPARD, THomas.—William Smith: His Maps'and Memoirs, pp, 
i.-iv.+75-253. 

Papers and Records Relating to the Geology and Paleontology 

of the North of England (Yorkshire excepted) published during 

1919. The Naturalist, February, pp. 67-71; March, pp. 

108-111. 
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SHEPPARD, T’HoMAS.—The Origin of the Materials Used in the Manu- 
facture of Prehistoric Stone Weapons in Hast Yorkshire. Trans. 
East Riding Antig. Soc., Vol. XXIIT., pp. 34-54. Abstract in 
The Naturalist, May, pp. 146-147. 

— Remains of Elk, etc., in East Yorkshire. The Naturalist, Sep- 
tember, pp. 285-288. 

— [Geology of Beverley]. The Naturalist, December, pp. 389-390. 

—— Bibliography of Yorkshire Geology, 1918-19. Proc. Yorks. Geol. 
Soc., Vol. XIX., pt. v., pp. 363-376. 

Srpty, T. Franxiin.—On the Distribution of Productus humerosus 
(=sublaevis) and the Zonal Range of the “ Brachiopod Beds ”’ of 
the Midlands. Geol. Mag., January, pp. 20-22. 

Sowersutts, J. Crompron.—Kettlewell, Past and Present [Geology, 
pp. 13-15; Lead Mining, pp. 22-25], York, 50 pp; notice in The 
Naturalist, July, pp. 210-211. 

S[eencer, L. J., AND OTHERS]. Mineralogical Abstracts (Vol. L, 
No. 4, 1920). Min. Mag., December, Appendix, pp. 81-112. 
SraTHER, [J. W.].—[Geology of South Cave]. In “ A Field Excursion 

Ga os to South Cave ” [Yorks. Geol. Soc. Programme], p. 2. 

Coast Erosion Committee [Report of]. The Naturalist, January, 

p. 45. 

{Stewarpson, H. C.]}—Catalogue of the more important Papers, 
especially those referring to Local Scientific Investigations, 
published by the Corresponding Societies during the year ending 
May 31st, 1919. Rep. Brit. Assoc., 1919 [published 1920], 
pp. 454-464. 

Sroxes, H. G.—See F. C. Hardinge. 

STRAHAN, A. [AND OTHERS].—Special Reports on the Mineral Resources 
of Great Britain. Vol. XIV., Refractory Materials: Fireclays. 
Mem. Geol. Surv., pp. iv.+243. 

Sweetine, G. S—An Index to the Proceedings of the Geologists’ 
Association, Volumes XXI. to XXX., 1909-1919, with a Chrono- 
logical List of the Longer Excursions. 44 pp. 

Taytor, Ernest E.—Scarborough and Yorkshire Coast Guide [Brief 
Geological Notes]. Darlington, (3rd edition), 96 pp. 

T[Homas], H. H.—Fossil Plants: A Text-Book for Students of Botany 
and Geology. By A. C. Seward, Vol. IV. [review of]. Geol. 
Mag., February, pp. 83-85. 

TrueMAN, ArtTHUR E.—See Arthur Hubert Cox. 
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Twycross-Ratnes, G. F.—Aldbrough Church, Holderness [brief 
reference to coast erosion]. Trans. East Riding Antiq. Soc., 
Vol. XXITI., pp. 28-33. 

TYRRELL, G. W.—Geology [Review of Recent Memoirs]. Science 
Progress, April, pp. 567-572; July, 1920, pp. 24-29. 

Wenpp, C. B.—See G. W. Lamplugh. 

Witp, R. P.—Notes on the Rock Specimens in the [Cheltenham] 
Museum. [Cheltenham] Museum Publication No. 1, 49 pp. 
WooprurFreE-Pracockx, HE. Aprian.—The Ecology of Thorne Waste. 
The Naturalist, September, pp. 301-304 ; November, pp. 353-356 ; 

December, pp. 381-384. 

Woo.acort, Davip.—On an exposure of Sands and Gravels containing 
Marine Shells at Easington, Co. Durham. Geol. Mag., July, pp. 
307-311. 

W[root], H. E.—In Memoriam, Colonel Wheelton Hind. The Netura- 
list, August, pp. 265-266. 

—— Fallen Blocks near Blea Wyke Point. The Naturalist, Septem- 
ber, p. 305. 


1921. 
Anon.—Special Reports. Vol. XIII., Iron Ores . . . Pre-Carboniferous 
and Carboniferous ..... [review of]. Geol. Mag., February, 
p- 86. 


—— [B.S.]—A Textbook of Geology. By Philip Lake and R. H. 

Rastall [review of]. Geol. Mag., February, pp. 83-84. 

Yorkshire Naturalists’ Union ..... Presidential Address by 

Professor J. E. Marr [notice of]. Geol. Mag., February, pp. 

91-92. 

—— Abstracts of the Proceedings of the Geological Society of London, 

111 pp. 

Removing a Reef-Knoll. The Naturalist, February, pp. 58-59. 

— Type Ammonites: Paratypes and Phaulomorphs. The Natura- 
list, February, pp. 60-61. 

—— Westphalian Measures of Yorkshire. The Naturalist, March, 
p. 91. 

Geological Notes and News. The Naturalist, March, p. 96. 

—‘‘Moorlog.” Trees in Moorlog. The Dogger Bank Flora. 

Animal Remains. The Naturalist, May, pp. 153-154. 

Natural History in “‘ Arms.” The Naturalist, November, p. 358. 
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Anon.—Nottinghamshire Gypsum. Quarrying 3,000 B.c. Rock Salt 

and Brine. The Naturalist, December, pp. 386-387. 

The Potash Position. Nature, May 12th, pp. 321-322. 

— Spontaneous Combustion of Coal in Mines. Nature, December 

29th, pp. 572-573. 

Trade and Industrial Reports, North-east Coast. Quarry, 

February, pp. 51-52; 55-56; March, pp. 111, 117. 

— In Memoriam: Wheelton Hind, T.D., M.D., B.S., F.R.CS., 
F.G.S8. Trans. N. Staff. F. Club, Vol. LV., pp. 120-128. 

— Coal in Great Britain..... By Walcot Gibson [review of]. Sez. 
Prog., April, pp. 667-668. 

— Fossil Plants [near Redcar]. Yorks. Nat. Union Circ., No. 293, 
p. 2. 

— The [South Cave] District. Yorks. Nat. Union Circ., No. 295, 
p- 2. 

AupLrEy, James A.—Silica and the Silicates [notice of]. Quarry, 
April, pp. 129-130. 

Barker, W. R.—Geology [Wentworth]. Yorks. Nat. Union Cire. 
No. 294, p. 2. 

[Betinrante, L. L.: editor]—Geological Literature added to the 
Geological Society’s Library during the year ended December 
31st, 1913, 247 pp. 

Bevan, D. W.—Glacial Erratics at Scarborough. The Naturalist, 
January, p. 4. 

Bisat, W.8.—Permian Marls at Ripon. The Naturalist, January, p. 4. 

Schizodus (obscurus or truncatus ?) near Doncaster. The Natura- 

list, January, p. 4. 

— The Millstone Grits W. of Htddersfield. I].—The Naturalist, 

January, pp. 9-11. 

— Hypnum exannulatum (Gimb.) near N. Ferriby [in Glacial 
Deposits]. The Naturalist, January, p. 55. 

— The Physiography of North Britain in Millstone Grit Times. 

The Naturalist, April, pp. 131-134. 

Geology [of South Cave]. The Naturalist, June, p. 215. 

BiacKkBurn, K. B.—Ginko biloba. Vasculum, February, pp. 28-31. 

Buiakeston, W. H.—The Yorkshire Wolds. Nat. Union of Teachers, 
Bridlington Souvenir, pp. 87-91. 

Botton, HerBert.—A Monograph of the Fossil Insects of the British 
Coal Measures, Part I. Mem. Pal. Soc., Vol. LXXIII., pp. 1-80. 
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Boswet., P. G. H.—Presidential Address: Sedimentation, Environ- 
ment and Evolution in Past Ages. Proc. Liverpool Bioi. Soc., 
Vol. XXXV., pp. 5-28. 

B[RADLEY], J.—Giggleswick and Settle Ramble ..... The Record 

of the Rocks. Haworth Ramblers’ Circular, pp. 1-4. 

Newsholme, Goose Eye and Newsholme Dene [geological notes]. 

Haworth Ramblers’ Circular, June 19th, pp. 2-3. 

— Doubler Stones Ramble. Haworth Ramblers’ Circular, August 
14, pp. 1-4. 

—-— The Harden Valley and Bingley Ramble. Haworth Ramblers’ 
Circular, July 17th, pp. 1-4. 

BroMEHEAD, C. N.—[Petroleum in Coal Mines]. Journ. Inst. Peiro- 
leum Technology, July, p. 196. 

Brooks, C. E. P.—The Evolution of Climate in North-west Europe. 
Quart. Journ. Roy. Met. Soc., July, pp. 173-194. 

Buckiey, Francis.—A Microlithic Industry. Marsden. Yorkshire. 
London: 15 pp. 

Buckman, 8. §8.—Type Ammonites [figures <A. crassiusculus, A. 
ancrassalus, A. crassus, A. huntoni and A. robinsoni from the 
Yorkshire Lias, and A. alligatus from the Kelloway Rock, Scar- 
borough]. Part XXVI., pp. 33-40, 16 plates. Part XXVIL, 
pp. 41-42 [Descriptions of A. erugatus and A. oculatus}. 
Part XXVIII, pp. 43-48 [describing and figuring A. oculatus, 
A. obliquatus from Yorkshire]. Part XXIX., pp. 49-54 [includes 
A. fabalis Simpson, from Whitby]. Part XXX., pp. 1-4, 55-64, 
16 plates [includes A. binatus from Scarborough], 

Burkitt, M. C.—Prehistory: A Study of Early Cultures in Europe 
and the Mediterranean Basin. Cambridge: 438 pp. 

Burre_t, W. H.—Peat Investigation. The Naturalist, May, pp. 
185-186. 

Burton, J. J—Jurassic Flora Committee [report of]. The Naturalist, 
January, p. 45. 

BuTTeRFIELD, J. A-—The Conglomerates Underlying the Carboniferous 
Limestone in the N.W. of England. The Naturalist, January, 
pp. 5-8; May, pp. 169-172; June, pp. 205-207. 

CHEETHAM, Curis. A.—Peat Investigation. The Nat., March, p. 118. 

CossmMann, M.—Buckman, S.-S., Type Ammonites, Part XXII. [and] 
Part XXIII. [notice of]. Revue critique de Paleozoologie, January, 
pp. 24-25. Part XXI., tom. cit., April, p. 463. 
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Cossman, M.—Harmer, P.-W., [sic.|—The Pliocene Mollusca of Great 
Britain, Vol. 11, part [... . .. 1918 [notice of]. Rev. de Géol., 
Aott, pp. 409-410. 

CRABTREE, J. H.—Rocks and Fossils and How to Identify them. 
London: 63 pp. 

Crook, THomas.—Economic Mineralogy: A Practical Guide to the 
Study of Useful Minerals. London: 492 pp. 

Davison, CHARLES.—A Manual of Seismology. Cambridge, 256 pp. 

Dawkins, W. Boyp.—The Geography of Britain at the Time of the 
Arrival of Man. Journ. Manchester Geog. Soc., December, pp. 1-5. 

Duckxuam, ArTHuR.—Coal as a Future Source of Oil Fuel Supply. 
Journ. Inst. Petroleum Technologists, January, pp. 3-26. 

Epwarps, W. N.—On a Small Bennettitalean Flower from the Wealden 
of Sussex [comparisons with Yorks. specimen]. Ann. Mag. Nat. 
Hist., May, pp. 440-442. 

ELies, GertruDE L.—The Study of Geological Maps. Cambridge : 
74 pp; Review in The Naturalist, July, p. 227. 

Espen, J. VINCENT, and Howe, J. ALLEN.—The Stones of London. 
Quarry, July, pp. 267-269; September, pp. 347-350; October, 

| pp. 389-391 ; November, pp. 430-432; December, pp. 475-479. 

2 Fretu, Epirn M., and Turner, W. E. 8.—The Shrinkage, Porosity 

and Density of British Fireclays after Firing at 1,500 degs. Cent. 

*y [abs. of paper read to Soc. Glass Tech.]. Quarry, October, p. 397. 

Fiett, J. 8.—Report of the Director for the year 1920. Rep. Geol. 
Surv. Board, pp. 10-25. . 

Gipson, Watcot.—The History and Development of the Yorkshire, 
Derbyshire and Nottinghamshire Coalfield [abstract]. Geol. Mag., 
December, pp. 558-559. 

a GrREENWooD, H. W.—On Certain Mineral Deposits in Stratified Rocks, 

with special reference to the Carboniferous and Trias. Proc. 

t Inverpool Geol. Soc., 1920-21, pp. 122-1388; abstract in Geol. 

. Mag., June, p. 287. 

Grecory, Ricnarp [and others]}—A Catalogue of British Scientific 
and Technical Books Covering every Branch of Science and 
Technology carefully Classified and Indexed. Prepared by a 
Committee of the British Science Guild. London: 376 pp. 

[Greic, A.|—Geological Literature [List of Authors and Titles] added 
to the Geological Society’s Library during te year ended Decem- 
ber 31st, 1920. 123 pp. 


Sn ee 
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Grice, H. C.—Caves of Derbyshire and Yorkshire. Proc. Spel. Soc., 
Bristol. No.1, pp. 31-33. 

Hat, T. C. F—Imperial Institute : Monographs on Mineral Resources 
with Special Reference to the British Empire..... Lead Ores 
London: 127 pp. See Geol. Mag., June, p. 282. 

Harmer, F. W.—The Pliocene Mollusca of Great Britain, being supple- 
mentary to 8. V. Wood’s Monograph of the Crag Mollusca. Pale- 
ont. Soc., Vol. LXXII., pp. 485-652 ; [noticed by M. Cossmann in 
Rev. de Géol., Aott, pp. 409-410]. Vol. LX XIII, pp. 653-704. 

Hopson, Bernarp.—The West Riding of Yorkshire. Cambridge: 
188 pp. Noticed in Geol. Mag., August, p. 382; The Naturalist, 
August, p. 272. 

—— The Drought and Underground Waters. Nature, July 28th, 
p. 684. 

Hotmes, ArtHuUR and Smirx, StanteEy.—The Wackerfield Dyke, 
County Durham. Geol. Mag., October, pp. 440-454. 

Hoitmes, Joun.—Geological Section [of Yorks. Nat. Union, report]. 
The Naturalist, January, pp. 44-45. 

— Yorkshire Naturalists’ Union: Geology. The Naturalist, Nov- 
ember, p. 381. 

Howe, J. ALLEN.—Stones and Quarries. London, x.+137 pp. No- 

ticed in Nature, June 2nd, p. 423. 

See J. Vincent Elsden. 

Hucues, Hersert W.—A Textbook of Coal mining: for the use of 
colliery managers and others. 7th edition, 578 pp. 

IsLeR, C.—Well-Boring for Water, Brine and Oil: a manual of current 
practice. Third ed., 268 pp. 

Jones, L. Ropwety.—North England: An Economic Geography’ 
London, pp. vi.+ 256. 

KENDALL, Percy Fry.—The Porosity of Rocks and its Influence 
upon the Field of Wells and Boreholes [Abs.]. Water, June 20th, 
pp. 199-202. 

LampLtucH, G. W.—Old Paving Stones from Iceland? A question 
for Hull Geologists. The Naturalist, December, pp. 418-419. 
Lamep.ucuH, G. W.; Wepp, C. B.; and Prineie, J—Bedded Ores of 

the Lias [review of]. Nature, April 28th, pp. 261-262. 

Lorp, FrRepDERIcK.—Official Guide to Hornsea. 22 pp. 

Macatister, R. A. 8.—A Text-book of European Archeology. Vol. 
I., The Paleolithic Period, Cambridge, 610 pp. 


a 
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McDonatp, AcNnEes IRENE, and TruEMAN, ARTHUR E1LisAu.—The 
Evolution of Certain Liassic Gastropods, with special reference to 
their use in Stratigraphy. Quart. Journ. Geol. Soc., No. 308, pp. 
297-344. 

MacVicar, J. A.—Modern Practice in Diamond Core Drilling in the 
United Kingdom. Quarry, December, pp. 496-497. Water, 
November 21st, pp. 413-414. 

Marr, J. E.—Proceedings of the Yorkshire Geological Society. Trans- 
actions of the East Riding Antiquarian Society [review of]. 
The Naturalist, March, pp. 114-116. 

— The Rigidity of North-west Yorkshire. The Naturalist, February, 
pp. 63-72. 

Mason,. F. A.—Yorkshire Naturalists at Redcar. The Naturalist, 
September, pp. 310-312. 

Metpota, RapHaret. Coal and what we get from it (new ed.). 
London, 210 pp. 

Newton, CHARLES BuTTERWORTH.—Presidential Address: Water 
Supply and Geology of the Humber Basin. Trans. Inst. Water 
Engineers (17 pp. of “reprint”). Also Water, June 20, pp. 
218-224. 

[Parxinson, T. WoopHovusE]|—Donetions [to the Museum]. N7nety- 
eighth Rep. Whitby Int. and Phil. Soc., pp. 6-7. 

Pretcu, T.—Coast Erosion in Holderness. The Naturalist, February, 
p- 76. 

PRINGLE, Joun.—A New Section near Brantinghamthorpe, Yorkshire. 
The Naturalist, June, p. 208. 

R[AsTAtu], R. H.—Special Reports on the Mineral Resources of Great 
Britain. Vol. XII., Iron Ores (continued) [review of]. Geol. 
Mag., May, pp. 230-231. 

REDMAYNE, RicHarp.—The Importance of Research in the Develop- 
ment of the Mineral Industries. Nature, June 30th, pp. 568-571. 

Reyno.tps, 8. H. [Secretary]. Photographs of Geological Interest. 
Twentieth Report of Committee. Brit. Assoc. (Edinburgh) 

Leaflet, 10 pp. 

Ricuarpson, W. ALFRED.—The Micro-petrology of the Rock-Gypsum 
of Nottinghamshire. Min. Mag., September, pp. 196-207 ; abs. 
Nature, July Tth, pp. 605-606 ; The Naturalist, December, p. 386. 

RosBerts, JoHN.—The Carbonization of Coal at Low Temperature. 


Trans. Inst. Min. Eng., November, pp. 9-32. 
2F2 
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RussELL, E. J—The Improvement of Peaty Soils. Part I.—The 
True Peats. Journ. Minis. Agric., March, pp. 1104-1113. 
SHEPPARD, T.—The Evolution of Topographical and Geological Maps 
[Presidential Address to Conference of Delegates, British Associa- 

tion]. Rep. Brit. Assoc. for 1920, pp. 391-404. 

—— List of Papers bearing upon the Zoology, Botany and Prehistoric 
Archeology of the British Isles, issued during June-December, 
1919. Rep. Brit. Assoc. for 1920, pp. 406-435. 

—— The Origin of the Materials used in the Manufacture of Prehistoric 
Stone Weapons in East Yorkshire. Hull Museum Publications, 
No. 122, pp. 34-54. 

—— Spurn Point and the Lost Towns of the Humber. Trans. Inst. 
Water Eng. Also Water, July 20th, pp. 257-258; and pp. 265- 
266; Nature, October, 20th, pp. 253-254. 

—— Remains of Elephas in East Yorkshire. The Naturalist, February 
p:. 16. 

—— Pseudodiadema variolare (Brongniart) in the Lower Chalk of 
North Lincolnshire. The Naturalist, May, p. 181. 

—— Bibliography: Papers and Records relating to the Geology of 
the North of England (Yorkshire excepted), published during 
1920. The Naturalist, June, pp. 217-220; July, pp. 249-253. 

—— [Old Paving Stones from Iceland? A question for Hull Geolo- 
sists]. The Naturalist, December, p. 419. 

—— Cristallographie et Minéralogie Pétrographie et Lithologie. 
Géologie Générale, Tectonique, Géographie physique [abstracts 
of papers in The Naturalist, 1915-1919]. Revue de Geologie, 
January, pp. 15-34. 

—— Mammiféres et Reptiles [abstracts]. Rev. de Geologie, July, pp. 
334-335. 

—— Paléoconchologie [notice of papers on]. Rev. du Geo). Aott, 
pp. 410-411. 

—— Ceelentérés [notice of papers on] tom. cit., pp. 418-419. 

—— Paléophytologie [notice of papers on]. tom. cit., pp. 427-428. 

—— Géologie Générale [abstracts of papers on]. Revue de Geol., 
December, pp. 470-471; Hydrologie, tom. cit., p. 473; Geologie 
Glaciaire, tom. cit, pp. 473-474; Divers, tom. cit., pp. 492-493 ; 
Stratigraphie, tom. cit. February, pp. 76-77; Géologie régionale, 
tom. cit., Dec., pp. 479-480; Feb. pp. 85-86. 
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SHEeRLocK, R. L.—Datum-lines in the English Keuper [abs., see 1918]. 
Rev. de Geol. Aotit, pp. 362-363. 

— Rock-Salt and Brine (Vol. XVIII. of Special Reports on the 
Mineral Resources of Great Britain. Mem. Geol. Survey), pp. 
vi.+123; noticed in Geol. Mag., September, p. 482; Nature, 
July 28th, p. 693; The Naturalist, December, p. 387. 

Smitu, StantEy. See Arthur Holmes. 

SratHer, J. W.—Yorkshire Glacial Committee [Report of]. The 

Naturalist, January, p. 45. 

Coast Erosion Committee [Report of]. The Naturalist, January, 

p. 45. 

TATTERSALL, W. M.—The Manchester Museum. Mus. Journ., Novem- 
ber, pp. 98-102. 

Taytor, E. G. R.—A Sketch-map Geography. A text-book of world 
and regional geography for the middle and upper schools. London, 
147 pp. 

TayLor, Jonn W.—Monograph of the Land and Freshwater Mollusca 
of the British Isles. Part 24, pp. 113-160. 

Taytor, WitFrip.—Yorkshire Zoology [refers to peat remains]. The 
Naturalist, April, p. 144. 

TRUEMAN, ArTHUR Ex1szAn.—See Agnes Irene McDonald. 

Turner, W. E. S8.—See Edith M. Firth. 

Watson, D. M. S8.—The Mammals of the Prehistoric Caves. Proc: 
Spel. Soc., Bristol. No. 1, pp. 36-38. 

Wueatier, J. E. A—The Boulders of the Travellers’ Rest Gravel 
Pit, Cambridge. Geol. Mag., May, pp. 200-205. 

WuitrHEaD, H.—More about ‘“‘ Moorlog ”—a Peaty Deposit from the 
Dogger Bank in the North Sea. LHssex Naturalist, Vol. XIX., 
Part iv., pp. 242-250; see also The Naturalist, May, pp. 
153-154. 

Woop, F. 8.—The Making and Testing of Portland Cement and its use 
in Concrete. Inst. of Water Eng. (pp. 1-17 of reprint). 

WoopHEaD, T. W.—The Tolson Memorial Museum Publications 
Handbook, No. J., New ed., 24 pp. 

Wooprurre-Pracock, E. A.—The Ecology of Thorne Waste. The 
Naturalist, January, pp. 21-25. 

Woopwark, T. H.—Notes on Whitby’s Water Supplies. Ninety- 
eighth Rep. Whitby Int. and Phil. Soc., pp. 3-8. 
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Wootacort, Davip.—The Inter-glacial Problem and the Glacial and — 
Post-Glacial Sequence in Northumberland and Durham. Geol. 
Mag., January, pp. 21-32, February, pp. 60-69. 
Prof. George Alexander Louis Lebour, M.A., D.Sc., F.GS., — 
Murchison Medallist, Geological Society of London [obituary 
notice]. Trans. Nat. Hist. Soc. North’d., Durham and Newcastle, 
Vol. V., pt. i., pp. 234-238. 
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LIST OF MEMBERS, 1922. 


HONORARY MEMBERS. 


1898 WuitakerR, WitiiamM, B.A., F.R.S., F.G.S., Wellesley Court, 
Wellesley Road, Croydon. 


1907 Woopwarp, ARTHUR SmitH, LL.D., F.R.S., F.L.S., British 
Museum (Natural History), 8S. Kensington, London, 8.W. 


ORDINARY MEMBERS. 


* Life Members who have compounded for the annual subscriptions. 
Elected. 


1883*Apsott, R. T. G., F.S.I., Whitley House, Malton. 

1899 AppLEyARD, J. H. R., B.Sc., 5 Willow Lane East, Huddersfield. 

1908 Arcuer, J. Fuetcuer, B.A., M.I.Mech.E., 48 High Street, 
Doncaster. 

1900 Asutey, THEODORE, 1 Fieldhouse Terrace, Durham City. 

~1200*Asnwortu, JoHn Horie, The Bungalow, 151 St. Andrew’s Road 
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Honorary Editor of Proceedings— 
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Honorary Auditor— 
F. W.- Branson, F.C.S.,- F.C. 


Local Secretaries— 


Colne: ALBERT WILMORE, D.Sce., | Sedbergh: W. ROBINSON. 
F.C.S., F.G.S. | Wakefield: C. W. FENNELL, 

Harrogate: J.T. SIMPSON, J.P. | F.G.S. 

Huddersfield: ALFRED SYKES, Wensleydale: W. HORNE, F.G.S. 
J.P. York: Rev. W. JOHNSON, L.A., 

Leeds: H. CROWTHER, F.R.M.S. B.Se. 

Middlesbrough: W. Y. VEITCH, Sheffield: Prof. W. G. FEARN- 
F.G.S. SIDES, M.A., F.G.S. 

Council— 

J. E. BEDFORD, F.G.S. (Leeds). CosMo JOHNS, F.G.S. (Sheffield). 
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F. W. Branson, F.C.S., F.1.C. (Cawthorne, Barnsley). 
(Leeds). THOMAS SHEPPARD, F.G.S. (Hull). 
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R.8.0.). J. W. SUTCLIFFE (Halifax). 

EDWIN HAWKESWORTH (Leeds). E. D. WELLBURN, F.G.S. 

J. 4.» HowaAgta,. J-¥., 2°68. (Sowerby Bridge) 


(Halifax). 


Dorkshire Geological Society. 


OBJECTS. 

This Society was founded in the year 1837 at a meeting of coal pro- 
prietors of the West Riding at Wakefield, and for nearly forty years its 
operations were confined to that Riding. The purposes for which it was 
formed were the investigation of the Yorkshire Coalfield and the gathering 
of such definite information about its seams of coal and ironstone as would 
be of use in the prosecution of mining operations. The scope of the Society 
was soon enlarged to include the Arts of Mining and Metallurgy and 
their dependent manufactures, and of the machinery and tools employed 
therein, and the name was correspondingly expanded to ‘‘ Geological and 
Polytechnic.” The subscription was originally half-a-guinea, but when 
Proceedings were published half-a-crown extra was added to meet the cost. 
In 1838 the work of establishing a Museum was commenced, and in 1839 the 
preparation of a section across the Pennine Chain was undertaken. Meetings 
were held regularly at which papers on geology, paleontology, mining, and 
kindred topics were read and discussed. In 1877 the rules were revised, and - 
it was decided to extend the Society's operations from the West Riding to 
the whole county. In addition to the ordinary meetings of the Society, from 
time to time investigations were undertaken by the aid of funds specially 
raised. Among these were the investigation of the bone-bearing deposits of 
Raygill, the pre-historic mounds of Grassington, the source of the Aire at 
Malham, and the Underground Waters of Ingleborough. In the two latter 
the Society worked in conjunction with a Committee of the British Associa- 
tion. At the Annual Meeting in 1906 it was resolved to change the title to 
‘The Yorkshire Geological Society.” 


1 


MEMBERSHIP. 
There is no entrance fee. 
A Member may be elected at any General Meeting on the proposition of 
two members. 
Annual Subscription, thirteen shillings, payable January Ist. 
Life Membership Fee, six guineas: 


A General Meeting for the reading of papers is held in Leeds each 
spring. 

General Meetings, associated with extended Field Excursions under 
the leadership of prominent geologists, are held at Easter and twice during 
the summer months in various parts of the county, or in such areas outside 
the county as afford important instruction on the problems of Yorkshire 
Geology. 

The Annual General Meeting is held at the beginning of November 
in one of the principal towns of Yorkshire. 


PUBLICATIONS. 

The Proceedings of the Society, illustrated by plans, sections, and 
photographs, are issued free to the Members each year. 

The back volumes, except the earliest issues, are obtainable on applica- 
tion to the Hon. Librarian of the Society, the University, Leeds. 


a“ 

>< 

~ 
Soe 

ec oy 

. 

‘\ 
J 
€ 

i. 

d 

te 


4 x 
PRINTED AT BROWNS’ SAVILE PRESS, 


SAVILE STREET AND GEORGE § 


' 
. 
. Bisa 


hal 
ua 
hee 
, 
- 
. 


—_ 
7 
) 
- 
+ 
7 
« 
de 
as 
~ 
+. 


he 
ew 
’ 
4 4 
; 
me 
‘ 
7 
+ 
‘ 
4 
i 
‘ 
J eT 
en 
* " 


afi ies 


TREET, HULL: Ti @ 


jis See tle ee 
‘ 


aS he CO 
/ 


PROCEEDINGS 


OF THE 


Dorkshive Geological Society. 


New Series, Vout. XIX., Part II., Paces 41-74, 


Wiitb Three Plates. 


Edited by W. LOWER CARTER, M.A., F.G.S. 


O fficial List of Members. 


Issued November, 1916. 


1916. 
CONTENTS. 
PAPERS :— PAGE 
The Knoll Region of Clitheroe, Bowland and Craven. A Note by 
(the late) Arthur Vaughan, M.A., D.Sc., F.G.S. 4] 
On Pteromya crowcombeia Moore, and some Species of Pleuromya 
and Volsella from the Rhetic and Lower Lias. By L. Richard- 
son, F.R.S.E., and J. W. Tutcher 51 
Bibliography of Yorkshire Geology, 1915. By T. Sheppard, M.Sc., 
F.G.S. 59 
_ Annual Report for 1914 67 
Do. 1915 70 
Hon. Treasurer’s Financial Statement, 1914... fs. 
Do. do. La: 74 


WDorkshive Geological Society. 


OFFICERS AND COUNCIL FOR 1916 
ELECTED AT THE ANNUAL MEETING AT LEEDS. 
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Honorary Treasurer— 
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Honorary Secretary— 
ALBERT GILLIGAN, B.Se., F.G.S. 


Honorary Librarian— 
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Honorary Auditor— 
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Harrogate: J.T. SIMPSON, J.P. 

Huddersfield: ALFRED SYKES, 


Leeds : aT: CROWTHER, F.R.M.S, 
Middlesbrough: W. Y. VELTCH, 
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Wakefield: C. W. FENNELL, 
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Wensleydale: W. HoRNE,F.G.S. 

York: Rev. W. JOHNSON, B.A., 
B.Se. 
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Council— 


J. E. BEDFORD, F.G.S. (Leeds). 
GODFREY BINGLEY (Leeds). 
F. W. Branson, F.C.S., F.I.C. 


(Leeds). 
J.J. BURTON, F.G.S. (Nunthorpe, 
R.S8.0O.). 


EDWIN HAWKESWORTH (Leeds). 
J. BH. HewartTe; J:P:, 63: 
(Halifax). 


Cosmo JoHNS, F.G.S. (Sheffield). 
‘THOMAS SHEPPARD, M.Sce., F.G.S. 
(Hull). 
J. W. STATHER, F.G.S. (Hull). 
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(Sowerby Bridge) 
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Dorkshire Geological Society. 


OBJECTS. 

This Society was founded in the year 1837 at a meeting of coal pro- 
prietors of the West Riding at Wakefield, and for nearly forty years its 
operations were confined to that Riding. The purposes for which it was 
formed were the investigation of the Yorkshire Coalfield and the gathering 
of such definite information about its seams of coal and ironstone as would 
be of use in the prosecution of mining operations. The scope of the Society 
Was soon enlarged to include the Arts of Mining and Metallurgy and 
their dependent manufactures, and of the machinery and tools employed 
therein, and the name was correspondingly expanded to ‘‘ Geological and 
Polytechnic.” The subscription was originally half-a-guinea, but when 
Proceedings were published half-a-crown extra was added to meet the cost. 
In 1838 the work of establishing a Museum was commenced, and in 1839 the 
preparation of a section across the Pennine Chain was undertaken. Meetings 
were held regularly at which papers on geology, paleontology, mining, and 
kindred topics were read and discussed. In 1877 the rules were revised, and 
it was decided to extend the Society's operations from the West Riding to 
the whole county. In addition to the ordinary meetings of the Society, from 
time to time investigations were undertaken by the aid of funds specially 
raised. Among these were the investigation of the bone-bearing deposits of 
Raygill, the pre-historic mounds of Grassington, the source of the Aire at 
Malham, and the Underground Waters of Ingleborough. In the two latter 
the Society worked in conjunction with a Committee of the British Associa- 
tion. At the Annual Meeting in 1906 it was resolved to change the title to 
“‘The Yorkshire Geological Society.” 


MEMBERSHIP. 
There is no entrance fee. 
’ A Member may be elected at any General Meeting on the proposition of 
two members. 
Annual Subscription, thirteen shillings, payable January Ist. 
Life Membership Fee, six guineas. 


A General Meeting for the reading of papers is held in Leeds each 
spring. 

General Meetings, associated with extended Field Excursions under 
the leadership of prominent geologists, are held at Easter and twice during 
the summer months in various parts of the county, or in such areas outside 
the county as afford important instruction on the problems of Yorkshire 
Geology. 

The Annual General Meeting is held at the beginning of November 
in one of the principal towns of Yorkshire. 


PUBLICATIONS. 

The Proceedings of the Society, illustrated by plans, sections, and 
photographs, are issued free to the Members each year. 

The back volumes, except the earliest issues, are obtainable on applica- 
tion to the Hon. Librarian of the Society, the University, Leeds. 
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President — 
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Vice-Presidents— 


EARL FITZWILLIAM. 
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VISCOUNT HALIFAX. 

WALTER MorRISON, J.P. 
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Prot, i; McKENNY HUGHES, M.A., 
F.R.S., F.G.S. 

A. R. DWERRYHOUSE, D.Sece., 
F.G.S. 


Honorary Treasurer— 
J. E. WILSON, F.G.S. 


Honorary Secretary— 
ALBERT GILLIGAN, B.Sc., F.G.S. 


Honorary Librarian— 
ALBERT GILLIGAN, B.Sc., F.G.S. 


Honorary Editor of Proceedings— 


W. LOWER CARTER, 


M.A.. F.G.S. 


Honorary Auditor— 
¥. W. BRANSON, F.C.S., F.LC. 


Local Secretaries— 


Colne: ALBERT WILMORE, D.Sce., 
F.C.S., F.G.S. 

Harrogate: J.T. Simpson, J.P. 

Huddersfield: ALFRED SYKES, 
w.P, 

Leeds: H. CROWTHER, F.R.M.S. 

Sedbergh: W. ROBINSON. ~ 


Wakefield: C. W. 
F.G.S. 

Wensleydale: W. HORNE,F.G.S. 

York: Rev. W. JOHNSON, B.A., 
B.Se. 

Sheffield: Prof. W. G. FEARN- 
SIDES, M.A., F.G.S. 


FENNELL, 


Council— 


J. E. BEprorb, I'.G.S. (Leeds). 
GODFREY BINGLEY (Leeds). 
F, W. BRANSON, F.C.S., F.1.C. 


(Leeds). 
J. J. BURTON, F.G.S. (Nunthorpe, 
R.8.0.). 


EDWIN HAWKESWORTH (Leeds). 
S. db:  Howarra, J.P. -¥.G:8. 
(Halifax). 


CosMo JOHNS, F.G.S. (Sheffield). 
THOMAS SHEPPARD, M.Sc., F.G.S. 
(Hull). 
J. W. STATHER, F.G.S. (Hull). 
J. W. SUTCLIFFE (Halifax). 
E. D. WELLBURN, F.G.S. 
(Sowerby Bridge) 
A. CHARLESWORTH, M.Se. 
(Leeds). 
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Workshire Geological Society. 


OBJECTS. 

This Society was founded in the year 1837 at a meeting of coal pro- 
prietors of the West Riding at Wakefield, and for nearly forty years its 
operations were confined to that Riding. The purposes for which it was 
formed were the investigation of the Yorkshire Coalfield and the gathering 
of such definite information about its seams of coal and ironstone as would 
be of use in the prosecution of mining operations. The scope of the Society 
was soon enlarged to include the Arts of Mining and Metallurgy and 
their dependent manufactures, and of the machinery and tools employed 
therein, and the name was correspondingly expanded to ‘‘ Geological and 
Polytechnic.” The subscription was originally half-a-guinea, but when 
Proceedings were published half-a-crown extra was added to meet the cost. 
In 1838 the work of establishing a Museum was commenced, and in 1839 the 
preparation of a section across the Pennine Chain was undertaken. Meetings 
were held regularly at which papers on geology, paleontology, mining, and 
kindred topics were read and discussed. In 1877 the rules were revised, and 
it was decided to extend the Society's operations from the West Riding to 
the whole county. In addition to the ordinary meetings of the Society, from 
time to time investigations were undertaken by the aid of funds specially 
raised. Among these were the investigation of the bone-bearing deposits of 
Raygill, the pre-historic mounds of Grassington, the source of the Aire at 
Malham, and the Underground Waters of Ingleborough. In the two latter 
the Society worked in conjunction with a Committee of the British Associa- 
tion. At the Annual Meeting in 1906 it was resolved to change the title to 
‘The Yorkshire Geological Society.” 


MEMBERSHIP. 

There is no entrance fee. 

A Member may be elected at any General Meeting on the proposition of 
two members. 

Annual Subscription, thirteen shillings, payable January Ist. 

Life Membership Fee, six guineas. 


A General Meeting for the reading of papers is held in Leeds each 
spring. 
General Meetings, associated with extended Field Excursions under 


- the leadership of prominent geologists, are held at Easter and twice during 


the summer months in various parts of the county, or in such areas outside 
the county as afford important instruction on the problems of Yorkshire 
Geology. 

The Annual General Meeting is held at the beginning of November 
in one of the principal towns of Yorkshire. 


PUBLICATIONS. : 

The Proceedings of the Society, illustrated by plans, sections, and 
photographs, are issued free to the Members each year. 

The back volumes, except the earliest issues, are obtainable on applica- 
tion to the Hon. Librarian of the Society, the University, Leeds. 
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Dorkshire Geological Society. 


OBJECTS. 

This Society was founded in the year 1837 at a meeting of coal pro- 
prietors of the West Riding at Waketield, and for nearly forty years its 
operations were confined to that Riding. The purposes for which it was 
formed were the investigation of the Yorkshire Coalfield and the gathering 
of such delinite information about its seams of coal and ironstone as would 
be of use in the prosecution of mining operations. The scope of the Society 
was soon enlarged to include the Arts of Mining and Metallurgy and 
their dependent manufactures, and of the machinery and tools employed 
therein, and the name was correspondingly expanded to ** Geological and 
Polytechnic.” The subscription was originally half-a-guinea, but when 
Proceedings were published half-a-crown extra was added to meet the cost. 
In 1838 the work of establishing a Museum was commenced, and in 1839 the 
preparation of a section across the Pennine Chain was undertaken. Meetings 
were held regularly at which papers on geology, paleontology, mining, and 
kindred topies were read and discussed. In 1877 the rules were revised, and 
it was decided to extend the Society's operations from the West Riding to 
the whole county. In addition to the ordinary meetings of the Society, from 
time to time investigations were undertaken by the aid of funds specially 
raised. Among these were the investigation of the bone-bearing deposits of 
Raygill, the pre-historic mounds of Grassington, the source of the Aire at 
Malham, and the Underground Waters of Ingleborough. In the two latter 
the Society worked in conjunction with a Committee of the British Associa- 
tion. At the Annual Meeting in 1906 it was resolved to change the title to 
“The Yorkshire Geological Society.” 


MEMBERSHIP. 


There is no entrance fee. 
A Member may be elected at any General Meeting on the proposition of 


two members. 
Annual Subscription, thirteen shillings, payable January Ist. 


Life Membership Tee, six guineas. 


A General Meeting for the reading of papers is held in Leeds each 
spring. : 

General Meetings, associated with extended Field Excursions under 
the leadership of prominent geologists, are held at Easter and twice during 
the summer months in various parts of the county, or in such areas outside 
the county as afford important instruction on the problems of Yorkshire 
Geology. 

The Annual General Meeting is iield at the Lezinning of November 
in one of the principal towus of Yorkshire. 


PUBLICATIONS. 
The Proceedings of the Society, illustrated by plans, sectious, and 


photographs, are issued free to the Members each year. 
The back volumes, except the earliest issues, are obtainable on applica- 


tion to the Hon. Librarian of the Society, the University, Leeds, 
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Dorkshire Geological Society. 


OBJECTS. 

This Society was founded in the year 1837 at a meeting of coal pro- 
prietors of the West Riding at Wakefield, and for nearly forty years its 
operations were confined to that Riding. The purposes for which it was 
formed were the investigation of the Yorkshire Coalfield and the gathering 
of such definite information about its seams of coal and ironstone as would 
be of use in the prosecution of mining operations. The scope of the Society 
Was soon enlarged to include the Arts of Mining and Metallurgy and 
their dependent manufactures, and the machinery and tools employed 
therein, and the name was correspondingly expanded to ‘‘ Geological and 
Polytechnic.” The subscription was originally half-a-guinea, but when 
Proceedings were published half-a-crown extra was added to meet the cost. 
In 1838 the work of establishing a Museum was commenced, and in 1839 the 
preparation of a section across the Pennine Chain was undertaken. Meetings 
were held regularly at which papers on geology, paleontology, mining, and 
kindred topics were read and discussed. In 1877 the rules were revised, and 
it was decided to extend the Society's operations from the West Riding to 
the whole county. In addition to the ordinary meetings of the Society, from 
time to time investigations were undertaken by the aid of funds specially 
raised. Among these were the investigation of the bone-bearing deposits of 
Raygill, the pre-historic mounds of Grassington, the source of the Aire at 
Malham, and the Underground Waters of Ingleborough. In the two latter 
the Society worked in conjunction with a Committee of the British Associa- 
tion. At the Annual Meeting in 1906 it was resolved to change the title to 
‘“The Yorkshire Geological Society.” 


MEMBERSHIP. 
There is no entrance fee. 
A Member may be elected at any General Meeting on the proposition of | 
two members. 
Annual Subscription, thirteen shillings, payable January Ist. 
Life Membership Fee, six guineas. 


A General Meeting for the reading of papers is held in Leeds each 
spring. 

General Meetings, associated with extended Field Excursions under 
the leadership of prominent geologists, are held at Easter and twice during 
the summer months in various parts of the county, or in such areas outside 
the county as afford important instruction on the problems of Yorkshire 
Geology. 

The Annual General Meeting is held usually in November in one 
of the principal towns of Yorkshire. 


PUBLICATIONS. 

The Proceedings of the Society, illustrated by plans, sections, and 
photographs, are issued free to the Members each year. 

The back volumes, except the earliest issues, are obtainable on applica- 
tion to the Hon. Librarian of the Society, the University, Leeds. 
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Workshire Geological Society. 


OBJECTS. 

This Society was founded in the year 1837 at a meeting of coal pro- 
prietors of the West Riding at Wakefield, and for nearly forty years its 
operations were confined to that Riding. The purposes for which it was 
_ formed were the investigation of the Yorkshire Coalfield and the gathering 
of such definite information about its seams of coal and ironstone as would 
be of use in the prosecution of mining operations. The scope of the Society 
was soon enlarged to include the Arts of Mining and Metallurgy and 
their dependent manufactures, and the machinery and tools employed 
therein, and the name was correspondingly expanded to ‘‘ Geological and 
Polytechnic.” The subscription was originally half-a-guinea, but when 
Proceedings were published half-a-crown extra was added to meet the cost. 
In 1838 the work of establishing a Museum was commenced, and in 1839 the 
preparation of a section across the Pennine Chain was undertaken. Meetings 
were held regularly at which papers on geology, palzontology, mining, and 
kindred topics were read and discussed. In 1877 the rules were revised, and 
it was decided to extend the Society's operations from the West Riding to 
the whole county. In addition to the ordinary meetings of the Society, from 
time to time investigations were undertaken by the aid of funds specially 
raised. Among these were the investigation of the bone-bearing deposits of 
Raygill, the pre-historic mounds of Grassington, the source of the Aire at 
Malham, and the Underground Waters of Ingleborough. In the two latter 
the Society worked in conjunction with a Committee of the British Associa- 
tion. At the Annual Meeting in 1906 it was resolved to change the title to 
‘The Yorkshire Geological Society.” 


MEMBERSHIP. 

There is no entrance fee. 

A Member may be elected at any General Meeting on the proposition of 
two members. 

Annual Subscription, thirteen shillings, payable January 1st. 

Life Membership Fee, six guineas. 


A General Meeting for the reading of papers is held in Leeds each 
spring. 

General Meetings, associated with extended Field Excursions under 
the leadership of prominent geologists, are held at Easter and twice during 
the summer months in various parts of the county, or in such areas outside 
the county as afford important instruction on the problems of Yorkshire 
Geology. 

The Annual General Meeting is held usually in November in one 
of the principal towns of Yorkshire. 


PUBLICATIONS. 

The Proceedings of the Society, illustrated by plans, sections, and 
photographs, are issued free to the Members each year. 

The back volumes, except the earliest issues, are obtainable on applica- 
tion to the Hon. Librarian of the Society, the University Leeds. 


Printed by 
Se A. Brown & Sons, Ltp., HULL. 


+ —— 
4, i 
"ha i 
a 
° 
= 


<a. 
i 
e. 


Ee hed 


Kar: 


oe a 


WG 


= 


ae, ata ts 


vi. 


recerereyy reas gaice bette bmp brates eeee sere shee eeeee 
habereleneiete Saabrere peteeeeeetere seers ney seoesesnde vavonty rit rea tnras AMNH LIB 


>in 


Pee ee hee eee we 
weave eeeeeeee . Pe eee eerie eeee 
oF oe O08 8 848 Fae e 8 6 84 46 lee edi ole a ole 1 
Pee hee eee THEE OO Ree eo ele se gem ces ec ciosiccieaeses 
ee ee oe ee ek ey were eeleee 
beta r ete pol sek th yd OO Pole Dee ele clea re se eb ae Delelesieteeceresrineniveoeeneceeeheteees 
eeee Tatalathlabataaiiata bhodade ahade "es eee ee © ehee SCrereeweeae eree sate eee eee e Seeteeewraeereee . “** 
Ce iy Prete seveleeee er eeeee Be wols ees erele ote ves iole'bie seeiehaleieiain 8 OA eRe eeieb's 6 
dep roa ee seer eh eneeebeevanee SHOMOAC RICHTER Mee wevean wes ea eer eee se heheweerere 
7 wees serene Peeereeeeneeee 
ee wese ibdedhdtchdedes eh ee ee ee a ari i i i bk an i a seve o.6 ’ 
ete eee ee ee ee ee oe 


eeeeseeeeene 


. 
Pe ee ee 
ee 


Pee ee eee eee wecetiewe weet heteneeeee 


eereeeee 
se chen sslbtereleiejele!e'sie'g! ele'e!eiain'e’®' e's elejsieiv'e'sie 


ee 


’ ‘ feneee ee ee eer eveeeenees 
Ser t* eee henner 
belasatariee 29.8 eeteesee eee ee ee ee i ee ee ee 
Orb slate! oleh OD OO ee + OO SO & oFe ef o'e + OO O48 FO 6 40 8 Oe Slee dieie's 0.0 sleecieiee eee 0's oe 6 eeeweeeane eles eebene eet eanerre 
ee olelebaletetnteielboiie kn, PROPOR meee eeesiowreneas ee eeerer ee es beet ierearereeeer 


Prewtive 


Cee tee wee eee weer beep eee ee eneewete 


ee Cae eer ewewe 


© be Bie Ore Bie e's ale ee ee ee ee ee ee eo Paeedbetasn eevee eeeettveee ere * .* 
tee eere Seer betes eee ese etsecesraeee esr eave ve eee 
®@ee e@eee *ee ees se eo oe * ofe ewevee ed ’ 
ee ee i ee ee oe 2 
eeeneeeee ol Seeereeeer eects @eereeeereeeesavre rete 
eee ee ee ee ee a | eenveeee " . 
sr t,ciaietie soos SOC Tee Ree eee OPEC TOF AHH Oe Reeevet aero ereeee webs eeRee beer ne er eter 
" . DOCH HCA HOHE ever eweoer teen aeepee teehee eee eetions 
oa'e oe eae ee een ei i ke et 
“Seeeneesene sp viele'd & ewes ce slene ee oe eisiele eee eee a 6 eee eee eae teers 
PeeeeseteePeeeeeenes eee ‘ oes eevee sleleseceoe eevee ees ele e eer aaees 
seee elewe Se ee He Sea He DE RTHOCC VERO eRe wee deocec ee there teehecee 
raft eee ee ee ee ee ee ee ee ete i en i a eeeevenee 
. . ee eeete *@peeever ere ‘er . ad 
POO REROC ONIN (1 berks b fet paar Retoesiedhy Ceteeree Bere eee ‘ Cede aeeveseeeeet ’ ‘ ‘ : 
eee eee eens UY rey ORO d weet ewe ea SeeReFh OPP Pesereevewesseeeeeeeeetee ese 
Pabebblelereterate ee ee ee ee ee ee ee tse 
pitted tit ne ee or eo ns weseececteue tee 
; eeseete 


PPR eet eerevrer beer teeters ; 
ee sve . 
PPe ever eee e te eew ees PP ere see een ener en aweeee bene eevee eeee 
ee ee ee ee ea i a eve 


Ve weer ee eee eeeee 


Tere arte wee eens eene eevee veep het eanae ewer eenas . 
. * eeeer ‘ ebheevvete : + ’ . 
PPP REDO ewe ees eriawe et eens e SCHORR SR Se PH ee Cede oele tales ee cere nae sree e ee aeveeees aiuhh' bi Lid elarhiniela-4 eae — . 
CHC eee eee eee ee Ree eee Srveveeese dete POF He Hee teeter eee ween eeeeeene “ee . s* 


Seer eee eee Heese eee eweees ee 
ee el ee ee oe) ~ ’ 
PPR eRe Ree eee wee Peden sedsseleseesioee bee Hele ewe eee eepeseeneanbeeeaee e's 
PH Cee ee eee Peeeere SEPM eeeesinnteoeeeerreeee see heer eet ae ve eeteoeiate 
sisielend wisisie pfacisianee see tiaws cle ee) 0084 bee ed ewaeaeeseene tenes eereseeeeeneees 
seer 2 2 ole ee eles Oe eines cele Clee eect ees were reece rere ete there eete 
SPSS Se eee Hes ese ORL e Dede we erences eee eetereeeetereenedeceseeee teers et eeas 
Pevebeere ee ee ee i ee i ee 
oO Re die be pe welele dint e slerae wee eelcelenscece ees eesise eevee th Benet: ** 
SHOPS Hee eae eee nee erteoee Deeb eer He ee eebeebagpee eee ere eee treees . 
ee ee ee ee ee i ee ee : 
POSTER LOCH SPORE Mes were ce ein een nesneces eee hee eetesaceeseeereeee 
eee eee eee ee ee 2 ee i ee ee a ern re ee 
© 89 0 0 6 OO Pe Be siee ene 0 ob Pv Pee eleeasieselese een ee teres eeineweeeneeeteerenaereeeee 
woneeres Ree ae aeeweaes alelele e/a oe wlate Oe eee eee ceece 0% 
See PCPA e we Bee OBE wee ee es'ole es lew eeeesinee ce reise eee eb eeeee eres er Biehenwerreee 
peedetevbiesetites eeeweeeeneae sevataecee 
ee ee 
POPOL HEE HARE EA eee ede eelacies don desercieleeereece vee tearing g ee peat eereereee 
Sere eecoees eh tee ee ese ieeee ereenee eeeeee eee arene Ot eesevoganene®? 
eteveseeic O88 Oe OH elelsle cele ec aeele 6 tere erel. Bega ates ewe sane eeeeeser renee eonwee 
SRC eH ORLAER Ee were eee weave ese eseenee b/e'big'aib'a'be'ele-olobo'h’'e'b'o b'.0'e a pie ielevlele cle ales ese 
weeceoonewe eee eee ere ee i ee ere fi ee 
Ware See eee ewer er eee SRP eer ere ee eee en epee eereer OPP ee eeeewaas 
PLT be SOF FEF deca ajale ete eles Pad eee esse ee alancieleie se oles 
Piatt feted etter POET E TROD Meee i weereceeeicesseeeseeeteee 
hele se see see elieece es eee Pave dies een cease csiees eeelene ates setae 
ee ee ee ee oe) 
Ce i ee eee see reeaee 
eee ee eeeeresr es eeee eee eeeeP ee eee eerererer 
ORR Re Re wmewer eee et twee eereane 


peeuapes 


Pete eeaeene 
Pe eR senee ones teleeee 
Pee eeeeidbesewes 
POOR Reve eevee eedeletansionces 


begwatereeveneerne 


neeveeeneeane 


ee we ee oe oe 


Soe ereveavaneeeeareer oe 


earesevoaceeeeeeees 


eseebaeeeeete 


Penteeordveeeestesteraenrereet 
eeaee eee eee 


seeeeee eee 
eeceee see eer se eee Reesnaeriereeesrere rr ereeenae 
ORES eee eee Pee Re ere wearer ree eereneereee 
Seater eaanbecave @eaveeece 
peeeere seer ee eee rete e er eeer eee eraeet ee wee eeearee 
eee er ee ee en Oe ee ee 
Pere eeeaet ee eee Phas seesaw setawreerre 
Peewee eee CReeeeaeteebenes eree @e@eevee Kaveweterer teens see 
epeGeenvreaeeeve Seseeaeeveaeeeaeneet . 
men © Heo heeeee eae Oe eee vpeteteeneeeehee eevee eee et etees 
bbe hi) Lee) ee ee ee ee ee ee 
pibdhdb tet hat hee eee ee ey beer eeerianeres 


eeeevieetaree 


Dib biarebenchetantinty 


. 
Seeheaeeeeeeeernens 
Seer er reer ene tee eaewveeeree 
eee 
Die/tieleldheleicieieioien ee 
wee owen nee 

see 


Ghele one lelele of ee) o)s el elelsi alse! 
ee ese eereetenneae 
ee ee ee ee ee ee ee ee ee eo ee 
seer ereecaveelegaeiseeccigaene wees e teehee ese beep eeeeereeete tere 
Ce ee ee) eee Pe hashes asewteneteee seer tee Bhretre 
eeeeweae Peet etenere sere pe 8 eb wen eeee- 
seteleatetleepeere er eere ne Heeeens 
PRS e See RHE RED eee wee eee earn ewer ee eh aaee 
aeeeeaeve Oe ek ee ee ee ee ee er ee ee ee 
PCRS LAR HERR eRe ee ERE RE REE HEC eR Rem eR eee ewes 
Pee Hee eee RP eRe Sere ee Betti awgerees 


Falarbiotertsate? Pee AHR edhe Ret ame wee e nee er eee eer heenee . 
oer eptntder etewteer te eeeevee 
eee ewenwaee seeeeeee 
eevee ee erqgarerttenaeeee 
ee ee eceeeoielee nese 
POPP RREP PRE RD R EHR eee eee eee ere eidje'e 8 Ooo ce © 
eee ee eaeterdce eer : o” 


eee teseteroeeeerweeepeer eer ree eretere 
(eee eer ae hereon e ere etebeneeawe aretha ee ; 
eeemeteeee ree eee teense er see terre eraete eee eereree . 
ee wee tie eee e sels ee OUR Oe pee ereses : 
ee te eee eee ss selon eee eeeee eee eres 
Pesos eeereereesteeeceee ee ee ee ee . 
SPC eer eewresneeesrevetr eee eS Pee ee het eeweeesneseneeeteearee 
#oeen enee Parveen eteeereaene eee eet heehee eee eeenrnuee 
ereeeroeee ener eee ee eeerecees 
Sree peerie ee Peet eet wet eH Perec e eee eegeneeeeaetreee ewe 
PWOCHIAT TEP HATED TAPER Re einem ee sapere eenaneeeerareerttart ; 
enerecssepeveeneastine alter eee we haheaeece me : 
TUR UP Ree ee Oe eee ee ee ee 
Chee ease seer edeveleeveervenetevel see eeeviateparetesaestenene thee 
Peeeedeenaerase Paeee ee Hee Pee eee eer ereeederpeeearaeeeueee 
eee ee ee ee ee dole @ Bete siete oe bbc ae sees eee eles pe eee sees 4 
PRR CORR PE ee REE ewer ere eee Stee ene ee eee Wee eee Pet he ew ne eer et neeereneaeneeces 
PPRteeerredees eee ewer rere ene Oeveneteeeereee ec ea Sed w OR eee elata re enee 
Seog seleiee eee eo eenens ee ee va) DUR ee ee eee re ee ee ee ee oe 
iit ee ee eer rrr ti i ee i ee ee ee eee 
PRP eedeeeE Hee Pe HOPE LEC EAHA deere seveeeesneeee Cheers eeeanee 
Peer renetetasae © 0/0 b(oie ole biel e's a \e01'a eee eleis'eje 60 0 98 Oia eles ew ses cis ee ee es elle ess ee (+ 
. Wee ee ee eee ee re rrr et eee ee ee eee eee ee ee 
Grr gs JO}0 8 000) S)v/dle a/elele © edie o)e/s)e, 4/0, Hele 06 8 & oP eles aes DO Bie edges ode es cleoe st bese eR nile Ob Eos eee sebastien t erase enere 
PSR e ede sees oS Fe ee ah sees hese Rede eeee der eae eRe Ree OHO Rett werere ere eeeteeene eetaennet® 
elec ocenes evo eieeiaanee Oe oa choles @olelsia'ele oe 0/00 @o\e els teen ewe welcineelstonoeepeeaeeaa ave? 
ae eleielseeeene ele ble eee ee ee ee eee eee eFC eee eee ree nse e eee ee Renee eeeeeres 
ree Seensarhavr renee see @eeteans ae seeeee ee eeerwrawoaeeete 
SOPOT CHR eee wees eereeeee eee eRe Peete eeHwest ees eereereaene eee eee en e® ** 
eeee @ee aeee See Rareeesvese rics eeeeeecees eeceleciees 
Peer eres eeeeese ee er eer en ee et heraaeiaee Re bee Ee eae? 


PTT ae ee eee ee ee ee 
pees 


eee teow 
etd ee ee ee ee | 


Steere stiowees 
POM R es ree esieveeere Yon 
a ene 
9 4 RiGee oie ew ole e Biss et bie ae 
POC ee ese de vinsereene 
Peeve ester eewene 
thee 
pease 
oeees 


near eeheeee 
Seeeeewe eee 
doetene 
eeenneree 


eleta'e eee 
beth, teerenee 


ee ee oe ee 


bibthd ideal A nd 
2 8 eetece eealiee tele een eaeae 
20/4/6210 0infe'e'e me one 
Pea were ere Peace send 
WU Seana datas peap eonetn ay a olela elelbibibie 6 0.6 0 ae ofeletbie ec 'sie'a's'e o AGO 8 OS OW Oe dice ewer consnece beet eveneees 
eee reece Sherer eeneee eneee shed aie ee salen eeceeas clea ee elooe toseeeeonere 
bd seen er enaee eeee feeetere eer eee eeseaeeeere 
Pee Hee ee eet eeeeeareane Selele rene rae eee ee ee teste paeelese se eseeeateee ene eaatrebebe 
CRSP CERF ORR PR EHH Hewes eee eweereien eee eereee eer et eeeene >? ae 
eeeeeHearewenee wave eeetreee tt eee 


eee 


Pbeenes 


Cree eee eee een teeee 


eee Ctovntoseteeteoetrer ee eer 
sivisicheeles ee & eeetescioberisbeaeseeeeecree 
eee wtece POR te vst eee eeeseewaeseeepteeseerere esweceeeeseeaeebheeeee wpe eiaeesr 

eee teh eeeereeeeettereoeeetene ead eevee se se Fe Peters ares asrieneeeeraas oe ee a 4 ' 
@eeeaeewoeeaves Setre eet eee eaeevoesee ewe eee sewer eee teae ree teecdae were earewe* é 
ewes eee Phe eeesevreee 


eeeen 


sere *eectoeeeaeener® 
eee wre seetenae er Belew eleicieleiciels PO PES CCH E HOR EO bre eee He ee eee tees eee ee Hee ' é 


eeesert ree tece ee ee eee wee ee eee er eer eeeeee eeherseeetreneevneve eeewete® . 
serene eche een eeeetee OPP teat acee eee ory 
ee ee ee ee ee ee ee ee ee ° . ; 


Se 
0 0/0) ee le 2 ele e wow sloleie tees Sle sieisige ee @ 2b e HP Se HO Meee weer eeeeiareaieeeeeeeee eee os ( I 
weeeee 


J ee et ee i ee eT TT eee eee eee eee eee ve : ' 


slew ee ee ee Pe Peataene ‘ eee eee wees ngeeee eraaeve eee teeane teens ‘ e 

faee Sr a lididateth tte ee ee ee oe ee a . 

ee ee ee ee é 

ehlie tee ee ee ee a ee dee ee ee eee . ‘ 
evereresee/o\eiee oe elehatele eleteloieielele ciate afe 0 0/0) e 2 ¢ 0'0/0\4 6 O'eia ele ep a 29's b blelaiviclas ences ees eee® 


eeen eee eaene eenr eeeevetean efeer eeeee eee eenevraneeeererere 
eee eo ee a eeeee eee ee © eerpeoee “re . eeeeeeer . 
veleleielawele's clean ce Bee ee ee OPO R Rea gee eee Heer eeeosereee el 
aielelelele & elelelels oe pialeee @alelele 8/0 Fe OP ee ele waco eee see ee ee he hen eer e eee 
etheeetoener Sales ere eter tee eerecasian ewe wewer eee een eeree erent 


. sclee ees sme ee epee eee he ere eee ee ie eaweaererws* 
ee epeleaiwialee es eacieie er eee PP ee ee He Re dee eho beeen eee eeee esr aerewre® 
bidhe lobe lelehele @ielatetehs 6 clajeje|e!sie/e!e/ 0 elefeiee's een ee scieic ee bisa teebheeeeces . 7 
Te ee eo see 
. 2620040 dese saleieseeelseeeebreee teeter ene: : 
Se Sele a sacitioeseseeeeeeetepeecerere® ‘ 


veer eeeo eee eRe weeeeseeseeteove cle wie! @ @ 690 © 6)6)0) ©1956 je theese sine clesc ep eeivneeeeeteeaeee 


